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Military Pogs 


David Bergeron, Curator, Currency Museum 


Even in this era of virtual money and electronic pay- 
ment systems, military forces continue to issue spe- 
cial tokens to reduce the need to ship heavy, bulky 
coinage to troops deployed in war zones. Canadian 
and allied troops stationed at Kandahar Airfield in 
Afghanistan use such tokens to purchase goods on 
the base. Owing to their size and composition, the 
tokens are more familiarly known as “pogs”—a term 
that can be traced back to Hawaii in the 1920s. A 
company on the island of Maui sold its fruit drink in 
glass bottles sealed with wax-covered paper discs. 
The drink was made from the juices of passion fruit, 
oranges, and guavas, hence the name pog, coined by 
children playing games with the discs. 


Two kinds of pogs currently circulate at Kandahar 
Airfield: those issued by the Army and Air Force 
Exchange Service (AAFES) for the American military 
and those issued by the Expeditionary Force Institute 
(EFI) for the British Armed Forces. Officially called gift 
certificates because they are not legal currency, both 
are made of thin plastic or laminated paper and are 
printed in denominations of 5, 10, and 25 cents. All 
denominations are the same size—about that of a 

$2 coin. Pogs are given in change instead of coins 
and are redeemable in cash at the issuing offices. 
Given their limited use, their circulation remains local. 


The most interesting aspect of military pogs is the 
multitude of images found on the tokens. Every year 
since it began issuing pogs in 2001, the AAFES has 


issued a new series, each depicting a different theme, 
such as military vehicles, historic battles, and military 
personnel. Twelve designs were produced for each 
denomination, for a total of 36 different pogs per 
series. The EFl began issuing pogs in Iraq in 2005 and 
have limited the number of different designs on all 
three denominations to 12 per series. Because of the 
large variety of pogs available, they have become 
collector’s items. The most popular pog among col- 
lectors depicts Elvis Presley in military garb. 


Canadian Forces also issued tokens for soldiers sta- 
tioned in Kabul (mainly in Camp Julien) between 2004 
and 2005. Because the cost of shipping coins was 
prohibitive, and those sent along with soldiers bound 
for Afghanistan quickly disappeared into circulation in 
the city, Canadian Forces Personnel Support Agency 
ordered $5000 worth of 25-cent tokens to meet the 
resulting coin shortage. When the Canadian Forces 
base was moved from Kabul to Kandahar in the 
autumn of 2005, the tokens were no longer required 
because AAFES pogs were already circulating there. 


The military pogs pictured on the cover are part of the 
National Currency Collection of the Bank of Canada. 


Photography by Gord Carter, Ottawa 
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Has Exchange Rate Pass-Ihrough 
Really Declined’? Some Recent Insights 


from the Literature 


Jeannine Bailliu, Canadian Economic Analysis Department; Wei Dong, International Economic Analysis 


Department; and John Murray, Deputy Governor 


e Asubstantial empirical literature has shown that 
the correlation between changes in consumer 
prices and changes in the nominal exchange rate 
has been quite low and declining over the past two 
decades for a broad group of countries. 


e The issue of exchange rate pass-through (ERPT) 
has recently been explored more fully in the 
context of sticky-price, open-economy, dynamic 
stochastic general-equilibrium (DSGE) models. 

The findings of these studies put into question 
results from previous work based on reduced-form 
equations. In particular, ERPT to import prices may 
remain larger than the estimated parameters from 
reduced-form regressions would indicate, owing 
to an econometric bias related to the endogeneity 
of the exchange rate. 


e Nevertheless, there is fairly convincing evidence 
to suggest that measured short-term ERPT to 
consumer prices has declined because of a shift 
to more credible monetary policy regimes, and, in 
this case, the findings from DSGE models confirm 
the results of reduced-form models. 


e Studies using microdata are a promising area of 
research, since they provide additional insights 
that help us to better understand the phenomenon 
of ERPT by providing evidence of some of its 
drivers at the micro level. 


are “passed through” to prices has long been a 

question of interest to both central bankers and 
academics. Exchange rate pass-through (ERPT) typ- 
ically refers to the direct effect that a change in the 
external value of a currency has on the domestic price 
of imported goods and services and on domestic 
prices more generally. For instance, a depreciation in 
the Canadian dollar is usually expected to increase 
the prices of goods that are imported into Canada. 
If the effect of the depreciation is fully reflected in 
import prices, then pass-through is said to be com- 
plete. If only a portion of the depreciation is reflected 
in import prices, then the pass-through is described 
as partial or incomplete. 


|= extent to which exchange rate movements 


The pass-through process consists of two stages. In 
the first stage, exchange rate movements are trans- 
mitted to import prices, while in the second stage, 
changes in import prices are reflected in the consumer 
price index (CPI).* While the response of import prices 
to exchange rate movements is important, it is the 
behaviour of the CPI that matters most for monetary 
policy in Canada and in other inflation-targeting coun- 
tries. The extent of pass-through to the CPI will depend 
on the rate of pass-through to import prices, the share 
of imports in the consumption basket, and the response 
of the prices of domestically produced goods to 
movements in the exchange rate. The extent and 
speed of the pass-through to import prices will also 
depend on several factors, including expectations as 
to the duration of the depreciation or appreciation, the 
cost of adjusting prices, demand conditions, and the 


1 Itshould be noted that ERPT to the CPI would include any effects of changes in the 
exchange rate on the prices of import-competing goods and on the prices of imported 
inputs. 
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Exchange Rate Pass-Through and the Bank of Canada’s Inflation 
Projection 


The Bank of Canada’s inflation projection—a key 
element in the conduct of monetary policy—is 
based on a fully articulated, five-sector, structural 
DSGE model of the Canadian economy called 
TolTEM." In ToTEM, the extent to which move- 
ments in the exchange rate are passed through to 
prices depends on many factors, such as the 
share of imports in the CPI basket, the frequency 
of price changes, and the expected response by 


1 For more information on ToTEM, see Murchison and Rennison (2006). 


elasticity of substitution among alternative domestic 
and foreign suppliers.” 


Several stylized facts on ERPT have emerged from 
the large body of research that has examined this 
issue. First, it appears that the full effect of a depreci- 
ation or appreciation of the domestic currency is 
typically not passed through to the local-currency 
prices of imports, even in the long run. Second, 
exchange rate movements are passed through to 
prices with a lag, such that ERPT in the short run 
seems to be much lower than in the longer run. Third, 
there is considerable heterogeneity in the extent of 
ERPT at the industry level: pass-through seems to be 
higher in industries that produce homogeneous 
goods, such as energy and raw materials, and lower 
for those that produce more differentiated manufac- 
tured goods. Finally, it has been suggested, based on 
casual observation and empirical work, that ERPT to 
consumer prices may Nave diminished over time. 


The issue of whether ERPT has declined is an 
important one for central banks because a decline in 
pass-through would imply that movements in the 
exchange rate have smaller effects on consumer 
prices and, hence, on short-run inflation, than previ- 
ously thought. Assessing this view thus has important 
implications for Canadian monetary policy, particularly 
in an environment characterized by sizable 


2 lf the price of an imported good rises because of a depreciation, domestic importers 
may simply switch suppliers. This would be measured as low pass-through, even 
though pass-through may be complete. 


the monetary authority. Notably, it is assumed 
that monetary policy can significantly influence 
ERPT in the short run through its effect on infla- 
tion expectations. Pass-through from the exchange 
rate to the core CPI is quite low in the short run 
(about 0.03 after one year and 0.05 after two 
years), and in the long run, the model assumes 
that all prices, including the exchange rate, will 
change by the same proportion after an exchange 
rate shock. 





movements in the Canadian dollar. Indeed, when the 
Canadian dollar moves on a sustained basis, it is 
important for the Bank of Canada to accurately esti- 
mate its impact on the Bank’s forecast of the future 
path of inflation—a key element in the conduct of 
monetary policy. For more on ERPT and the Bank of 
Canada’s inflation projection (see Box). 


In this article we build on an earlier Review article by 
Bailliu and Bouakez (2004) and critically reassess the 
premise that ERPT has declined, in light of recent 
work that analyzes this issue in the context of a 
dynamic stochastic general-equilibrium (DSGE) 
framework. These more-recent contributions to the 
literature help to emphasize the potential pitfalls of 
studies based on reduced-form equations, which 
have formed the basis for much of the evidence to 
date. We also discuss insights from recent studies 
of ERPT based on microdata. We conclude with a 
discussion of policy implications. 


Has Exchange Rate Pass- 
Through Declined? 


Before discussing the evidence which suggests that 
ERPT may have declined, we review the explanations 
put forward in the literature to explain how a decline in 
ERPT could arise, focusing first on import prices and 
then on consumer prices. 
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Why might we expect pass-through to 
import prices to have declined in recent 
years? 


One reason links a decline in ERPT to import prices to 
increased trade integration, because supply chains 
have become more interconnected and globalized. 
Multinational firms generally produce and trade in 
both intermediate and final goods. Under this vertical 
relationship, exchange rate changes can influence 
decisions about the production of final goods directly 
and indirectly through changes to input prices (Aksoy 
and Riyanto 2000). The increased use of cross-border 
production within the same firm may thus have con- 
tributed to lower ERPT to import prices by distributing 
production over a wide set of countries, subject to 
different currency movements. It is important to note, 
as pointed out by Murray (2008), that any change 

in the exchange rate that is not passed through to 

the price of imports must be absorbed by foreign 
exporters. Thus, from the importers’ perspective, 
declining pass-through will be associated with 
increased exchange rate sensitivity with regard to 
export prices. 


In addition, the role of large importers may suggest 
that the recent process of globalization has contrib- 
uted to the observed decline in ERPT (Dvir 2007). 
Large importers have significant market power, in 
particular, the power to discriminate between sup- 
pliers based on location. Thus, when there are 
exchange rate movements, it is optimal for large 
importers to conduct trade through discriminatory 
procurement auctions and simply switch suppliers. 
This way, measured import-price indexes would 
attach a larger weight to lower prices, and the 
observed ERPT would be smaller. 


The composition of imports may 
have shifted towards sectors that 
have lower degrees of ERPT. 


An alternative, and possibly complementary, explana- 
tion for the decline in ERPT to import prices is based 
on the notion that the composition of imports may 
have shifted towards sectors that have lower degrees 
of ERPT. Campa and Goldberg (2005) find support for 
this hypothesis in their study of OECD countries over 
the period 1975-2003. The decline in pass-through to 
aggregate import prices can therefore be attributed to 
changes in the underlying composition of products in 
each country’s import bundle, particularly the move 


away from commodities and towards products in 
sectors with higher degrees of product differentiation 
and lower degrees of ERPT, such as manufacturing. 


Finally, the recent decline in ERPT to import prices 
has been linked to the growing importance of emer- 
ging markets in the world economy. Indeed, the swift 
and significant integration of emerging economies into 
global markets may have contributed to the fall in 
ERPT to import prices in many industrial countries by 
increasing the prevalence of pricing-to-market (PTM). 
The decline in pass-through to import prices in some 
advanced economies, notably the United States, is 
consistent with a rise in the proportion of imports 
coming from firms in emerging markets, many of 
whom practise PTM (Bussiére and Peltonen 2008). 
China’s surging exports to the United States may also 
have contributed to the decline in observed pass- 
through in recent years (Marazzi and Sheets 2007). 
Interestingly, Marazzi and Sheets find that the U.S. 
markets that have experienced the greatest reduc- 
tions in pass-through in recent years are those in 
which China has recorded an increased market 
share.? 


Why might we expect pass-through 
to consumer prices to have declined 
recently? 


While the response of import prices to exchange rate 
movements is important, it is the behaviour of the CPI 
that matters most for monetary policy in Canada and 
in other inflation-targeting countries. Although the 
degree of ERPT to import prices is important in deter- 
mining the extent of ERPT to consumer prices, other 
factors are at play. 


First, distribution costs—such as transportation, mar- 
keting, and services—will cause import and consumer 
prices to diverge, and the wedge between the two 
prices can be significant. For example, U.S. distribu- 
tion margins are in the order of 50 to 70 per cent, 
according to research by Berger et al. (2009). The 
large non-tradable component in distribution margins 
thus significantly insulates consumer prices from 
exchange rate movements (Burstein, Neves, and 
Rebelo 2003; Goldberg and Campa 2008; Berger et 
al. 2009). 


Second, monetary policy may have played an 
important role in the decline in ERPT to consumer 
prices. Taylor (2000) and others argue that the 


3 Moreover, with the increase in globalization, many retailers now have access to a larger 
number of potential suppliers. Thus, when the exchange rate changes, the importer 
could simply switch suppliers, making it appear as though ERPT had declined. 
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establishment of a strong nominal anchor in many 
countries over the past two decades may have con- 
tributed to the decline in ERPT. According to this 
argument, ERPT is primarily a function of the persis- 
tence of exchange rate and price shocks, which tends 
to be reduced in an environment where inflation is low 
and monetary policy is more credible.* Work by Bailliu 
and Fujii (2004) and Gagnon and Ihrig (2004), showing 
that break points in pass-through estimates coincide 
with changes in the monetary policy regime in a panel 
of countries, including Canada, supports Taylor’s 
view. Studies by Bouakez and Rebei (2008) and 
Murchison (2009), based on DSGE models, also sug- 
gest that short-run ERPT has declined as a result of 
the move to inflation targeting. 


Finally, increased competition among retailers in the 
local market can also lead to a decline in ERPT to 
consumer prices. As discussed by Bacchetta and van 
Wincoop (2003), the insensitivity of consumer prices 
to changes in the exchange rate may be the outcome 
of an optimal strategy from the retailer's perspective. 
Indeed, when there is rising competition in the local 
market, it may be optimal for retailers to absorb some 
of the fluctuations in the exchange rate into their mar- 
gins, regardless of the sensitivity of border prices to 
exchange rates. Moreover, when there is limited sub- 
stitution between non-tradable goods and imported 
goods, the prices of non-tradable goods can be very 
sticky, even after large exchange rate movements, 
leading to very little response in aggregate consumer 
prices. 


Evidence from Reduced-Form 
Macroeconomic Models 


A substantial empirical literature has shown that the 
correlation between changes in consumer prices 

and changes in the nominal exchange rate has been 
quite low and declining over the past two decades 

for a broad group of countries. Ihrig, Marazzi, and 
Rothenberg (2006) show that all G-7 countries experi- 
enced a decline in ERPT to import prices from 1990 to 
2004, relative to the period from 1975 to 1989, with the 
decline being statistically significant for the United 
States, Japan, and France. There is also evidence of 
declining ERPT in developing countries, where the 
pass-through of exchange rate changes has tradition- 
ally appeared to be greater and more rapid than in 


4 Aspredicted by Taylor (2000), Canada’s adoption of an inflation-targeting monet- 
ary policy regime has been matched by a significant decline in inflation persistence 
(Mendes and Murchison 2009-10) 


advanced economies (Frankel, Parsley, and Wei 
2005). 


Marazzi and Sheets (2007) document a robust and 
sustained decline in ERPT to U.S. import prices, sug- 
gesting that it has fallen from above 50 per cent in the 
1970s and 1980s to about 20 per cent during the past 
decade. Di Mauro, Ruffer, and Bunda (2008) find that 
the extent of exchange rate pass-through to import 
prices may have declined somewhat in the euro area 
over recent years. And in their study on Japan, Otani, 
Shiratsuka, and Shirota (2003) find that ERPT to 
Japan’s import prices fell in the 1990s. 


Some of the most striking macro 
evidence of the weak correlation 
between exchange rates and inflation 
comes from case studies of episodes 
in which prices respond by very little 
to large currency depreciations. 


Some of the most striking macro evidence of the 
weak correlation between exchange rates and infla- 
tion comes from case studies of episodes in which 
prices respond by very little to large currency depreci- 
ations (Burstein, Eichenbaum, and Rebelo 2007). For 
example, following a sharp depreciation of their cur- 
rencies in the autumn of 1997, inflation in some Asian 
countries, such as Korea, remained relatively stable; 
and after the United Kingdom withdrew from the 
Exchange Rate Mechanism in 1992, inflation there 
also remained low. 


Potential Pitfalls of Reduced- 
Form Models 


The empirical findings discussed above, regarding the 
decline in ERPT, are generally based on reduced-form 
regressions, which tend to be motivated by partial- 
equilibrium models. This methodology typically con- 
sists of estimating an equation where the rate of 
inflation (for the relevant price index) depends on 
current and lagged changes in the nominal exchange 
rate, as well as on other control variables suggested 
by economic theory. The coefficients associated with 
the exchange rate variables are then interpreted as 
estimates of ERPT. Reliance on this methodology to 
draw strong conclusions for policy has raised con- 
cerns, mainly in three areas. 
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By assuming that exchange rates are 
exogenously given, the reduced- 
form approach misses the important 
feedback effect running from prices to 
interest rates and from interest rates 
to exchange rates, and, ultimately, 
back to prices. 


First, exchange-rate movements are treated as an 
exogenous process in studies based on reduced-form 
models, whereas, in practice, exchange rates are 
determined endogenously and are often a function 
of macrofundamentals. This framework therefore 
overlooks the channels through which these macro- 
fundamentals might influence the exchange rate. For 
example, domestic interest rates may rise as a result 
of the monetary policy response to inflationary pres- 
sures, leading to an appreciation of the domestic 
currency. In this situation, an appreciating exchange 
rate may be linked to rising rather than falling prices, 
producing what appears to be a perverse ERPT 
effect. By assuming that exchange rates are exogen- 
ously given, the reduced-form approach misses the 
important feedback effect running from prices to 
interest rates and from interest rates to exchange 
rates, and, ultimately, back to prices. 


Second, reduced-form specifications can generate 
misleading results because they rely on models with 
too little structure. The reduced-form framework links 
variables of interest but not in a structural way. In 
particular, pass-through coefficients derived with 
this method cannot attribute the extent of ERPT to 
specific factors, such as the degree of price sticki- 
ness, and can also result in false attribution. 


Finally, the reduced-form approach provides limited 
insight into the extent and manner in which the degree 
of ERPT depends on the nature of shocks. Exchange 
rate movements are symptomatic of some underlying 
change in world markets. Some changes have a direct 
impact on the relative demand for Canadian goods 
and services, while others do not. Depending on the 
nature of the shocks, their effects on the economy 
can be quite different. Specifically, exchange rates 
and prices are jointly determined, and both respond 
to structural shocks. Thus, the degree of ERPT will be 
a function of the nature of the shocks affecting the 
economy. 


The issue of ERPT has been explored more fully in 
the context of sticky-price, open-economy, DSGE 


models. The DSGE framework avoids the endogeneity 
issue, since it takes into account the fact that prices 
and the nominal exchange rate are determined simul- 
taneously. With a structural model, the analysis can 
be made conditional on the shocks. The findings of 
these studies put into question results from previous 
studies based on reduced-form equations. 


Murchison (2009) uses an open-economy DSGE 
model to illustrate the types of misleading results that 
can be generated from reduced-form models. He 
finds that as monetary policy responds more aggres- 
sively to the output gap and inflation, the estimated 
pass-through coefficient declines dramatically. 
Moreover, calibrations of the Bank’s reaction function 
consistent with the observed behaviour of Canadian 
monetary policy since the adoption of an explicit 
inflation target in 1991 result in pass-through estimates 
close to zero. In this model, wages and prices display 
some short-run stickiness but adjust completely in the 
long run to ensure that temporary shocks do not 
generate permanent changes in relative prices. 
Exchange rate shocks are eventually matched by a 
proportionate increase in import prices that is, in turn, 
fully reflected in consumer prices. ERPT is thus com- 
plete in the long run by assumption, but incomplete in 
the short run, owing to the presence of a combination 
of nominal and real rigidities. Nevertheless, as policy 
responds more aggressively to expected inflation, 
measured short-run pass-through declines rapidly to 
zero, even when positive short-run pass-through 
exists in the underlying structural model. 


Bouakez and Rebei (2008) provide supportive evi- 
dence for Murchison’s results. They estimate a DSGE 
model for Canada over two subsamples, covering 
the periods before and after the adoption of inflation 
targeting. They find that pass-through to Canadian 
import prices has been stable and significant, con- 
trary to findings from studies based on reduced-form 
models.* Like Murchison, they find that ERPT to 
Canadian consumer prices may, nevertheless, have 
declined, as a result of the adoption of the inflation- 
targeting regime. 


5 Since a significant number of Canadian import prices are constructed by multiplying 
the foreign-currency price by the nominal exchange rate, the estimated degree of pass- 
through reported by reduced-form studies is likely to be biased upwards. A general- 
equilibrium perspective, however, allows estimating the degree of pass-through to 
import prices without using data on import prices: the structural parameters that affect 
the behaviour of import prices can be identified indirectly through links in the structural 
model. 
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Insights from Recent Microdata 
Studies 


In addition to the studies of ERPT based on aggregate 
price indexes, Some authors have examined the issue 
at the sectoral, firm, and goods levels, using micro- 
data, which have become more accessible in recent 
years. A general insight that emerges from these 
studies is that the stickiness observed in aggregate 
price indexes masks a substantial amount of flexibility 
and diversity in the behaviour of prices at a more 
disaggregated level (Nakamura and Steinsson 2008; 
Crucini and Telmer 2007). In particular, substantial 
heterogeneity characterizes the frequency of price 
adjustment at the goods level. 


Gopinath and Itskhoki (2010) examine the link between 
the frequency of price adjustment and long-run ERPT 
using microdata on U.S. import and export prices 
collected by the Bureau of Labour Statistics. They find 
that firms that adjust prices infrequently also tend to 
pass through the effects of exchange rate movements 
to a lesser extent—even after several periods and 
multiple rounds of price adjustment—compared with 
high-frequency adjusters. From a macro perspective, 
if more firms were to adjust prices infrequently, the 
degree of exchange rate pass-through would decline. 


The increased availability of microdata also helps us 
to better understand the structural determinants of 
ERPT. Such an understanding is important not only 
for forecasting future pass-through patterns, but also 
because it provides guidance regarding the measure- 
ment of pass-through. Existing micro studies have 
examined a variety of industries (€.g., autos, beer, 
coffee), and the results have been surprisingly robust 
regarding the sources of incomplete pass-through, 
such as non-tradable local costs (Goldberg and 
Hellerstein 2008). Although there are relatively few 
studies of ERPT based on microdata, this is a prom- 
ising area of research. 


Policy Implications 


If exchange rate movements were regarded simply as 
additional noise—distorting domestic-price signals 
and subverting market efficiency—any decline in 
pass-through could be treated as a positive develop- 
ment. However, to the extent that exchange rates are 
believed to move for a reason, in response to under- 
lying fundamentals, any interference in this transmis- 
sion mechanism would be cause for concern. 
Movements in the exchange rate can significantly 
influence inflation dynamics, both in terms of their 


direct effect on prices and their indirect effect through 
changes in aggregate expenditure and production. 
Policy-makers must be able to gauge how large these 
effects are likely to be, in order to determine the size 
and persistence of underlying inflation pressures and 
any monetary policy responses that might be required 
to deal with them. 


Changes in relative prices across 
borders are important for allocative 
efficiency and are a critical element 

of the global macroeconomic 
adjustment process. 


More broadly, exchange rate pass-through can act as 
a “shock absorber” mechanism for the economy. In 
this context, the economy converges to a new equilib- 
rium after a shock through an expenditure-switching 
effect. Changes in relative prices across borders are 
important for allocative efficiency and are a critical 
element of the global macroeconomic adjustment 
process. For example, the expenditure-switching 
effect helps to redirect consumption and investment 
in a country with a trade deficit away from imports, as 
the exchange rate depreciates, making the country’s 
exports more attractive to foreigners. The benefits of 
a flexible exchange rate regime are also a function of 
the extent of ERPT, since the existence of expenditure- 
switching effects is often cited as a critical element in 
the case for flexible exchange rates, and these effects 
depend on ERPT to import prices for their genesis. 


Concluding Remarks 


Several key insights on ERPT emerge from this critical 
assessment of recent findings in the literature. First, 
there is fairly convincing evidence to suggest that 
short-run measured ERPT to consumer prices has 
declined because of a shift to more credible monetary 
policy regimes. In this case, the findings from DSGE 
models confirm the results of reduced-form models. 
Second, ERPT to import prices may, nevertheless, 
remain larger than the estimated parameters from 
reduced-form regressions would indicate, owing to an 
econometric bias related to the endogeneity of the 
exchange rate. Taking liberties with the warning that 
often appears on the rear-view mirrors of cars, one 
might say that “the import-price effects caused by 
exchange rate movements may be larger than they 
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appear.” The benefits of a flexible exchange rate may 
also be larger than they appear, since the existence 
of expenditure-switching effects is often cited as a 
critical element in the case for flexible exchange rates, 
and these effects depend importantly on ERPT to 


Literature Cited 


Aksoy, Y. and Y. Riyanto. 2000. “Exchange Rate Pass- 
Through in Vertically Related Markets.” Review of 
International Economics 8 (2): 235-51. 


Bacchetta, P. and E. van Wincoop. 2003. “Why do 
Consumer Prices React Less Than Import Prices 
to Exchange Rates?” Journal of the European 
Economic Association 1 (2-3): 662-70. 


Bailliu, J. and H. Bouakez. 2004. “Exchange Rate 
Pass-Through in Industrialized Countries.” Bank of 
Canada Review (Spring): 19-28. 


Bailliu, J. and E. Fujii. 2004. “Exchange Rate Pass- 
Through and the Inflation Environment in 
Industrialized Countries: An Empirical 
Investigation.” Bank of Canada Working Paper No. 
2004-21. 


Berger, D., J. Faust, J. H. Rogers, and K. Steverson. 
2009. “Border Prices and Retail Prices.” Board of 
Governors of the Federal Reserve System 
International Finance Discussion Papers No. 972. 


Bouakez, H. and N. Rebei. 2008. “Has Exchange Rate 
Pass-Through Really Declined? Evidence from 
Canada.” Journal of International Economics 
75 (2): 249-67. 


Burstein, A., M. Eichenbaum, and S. Rebelo. 2007. 
“Modeling Exchange Rate Passthrough after 
Large Devaluations.” Journal of Monetary 
Economics 54 (2):346-68. 


Burstein, A., J. Neves, and S. Rebelo. 2003. 
“Distribution Costs and Real Exchange Rate 
Dynamics during Exchange-Rate-Based 
Stabilizations.” Journal of Monetary Economics 50 
(6): 1189-214. 


Bussiére, M. and T. Peltonen. 2008. “Exchange Rate 
Pass-Through in the Global Economy: The Role of 
Emerging Market Economies.” European Central 
Bank Working Paper No. 951. 


import prices for their genesis. Third, studies using 
microdata are a promising area of research, since they 
provide additional insights that help us to better 
understand the phenomenon of ERPT by providing 
evidence of some of its drivers at the micro level. 


Campa, J. and L. Goldberg. 2005. “Exchange Rate 
Pass-Through into Import Prices.” Review of 
Economics and Statistics 87 (4): 679-90. 


Crucini, M. and C. Telmer. 2007. “Microeconomic 
Sources of Real Exchange Rate Variability.” 
Available at <http://www.ny.frb.org/research/ 
conference/2007/ex_rates/Crucini.pdf>. 


di Mauro, F., R. Ruffer, and |. Bunda. 2008. “The 
Changing Role of the Exchange Rate in a 
Globalised Economy.” European Central Bank 
Occasional Paper No. 94. 


Dvir, E. 2007. “Globalization, Optimal Auctions and 
Exchange Rate Pass-Through.” Available at 
<http://cep.Ise.ac.uk/seminarpapers/29-01-08-DVI.pdf>. 


Frankel, J., D. Parsley, and S.-J. Wei. 2005. “Slow 
Passthrough around the World: A New Import for 
Developing Countries?” NBER Working Paper 
No. 11199. 


Gagnon, J. and J. Ihrig. 2004. “Monetary Policy and 
Exchange Rate Pass-Through.” /nternational 
Journal of Finance and Economics 9 (4): 315-38. 


Goldberg, L. and J. Campa. 2008. “The Sensitivity of 
the CPI to Exchange Rates: Distribution Margins, 
Imported Inputs, and Trade Exposure.” Available 
at <http://www.ny.frb.org/research/economists/goldberg/ 
dist011108lg.pdf>. 


Goldberg, P. and R. Hellerstein. 2008. “A Structural 
Approach to Explaining Incomplete Exchange- 
Rate Pass-Through and Pricing-to-Market.” 
American Economic Review 98 (2): 423-29. 


Gopinath, G. and O. Itskhoki. 2010. “Frequency of 
Price Adjustment and Pass-Through.” Quarterly 
Journal of Economics 125 (2): 675-727. 


HAS EXCHANGE RATE PASS-THROUGH REALLY DECLINED? SOME RECENT INSIGHTS FROM THE LITERATURE 


BANK OF CANADA REVIEW ® AUTUMN 2010 "4 


Literature Cited (cont’d) 


Inrig, J.. M. Marazzi, and A. Rothenberg. 2006. 
“Exchange-Rate Pass-Through in the G-7 
Countries.” Board of Governors of the Federal 
Reserve System International Finance Discussion 
Papers No. 851. 


Marazzi, M. and N. Sheets. 2007. “Declining Exchange 
Rate Pass-Through to U.S. Import Prices: The 
Potential Role of Global Factors.” Journal of 
International Money and Finance 26 (6): 924-47. 


Mendes, R. and S. Murchison. 2009-10. “Declining 
Inflation Persistence in Canada: Causes and 
Consequences.” Bank of Canada Review (Winter): 
1-14. 


Murchison, S. 2009. “Exchange Rate Pass-Through 
and Monetary Policy: How Strong Is the Link?” 
Bank of Canada Working Paper No. 2009-29. 


Murchison, S. and A. Rennison. 2006. “ToTEM: The 
Bank of Canada’s New Quarterly Projection 
Model.” Bank of Canada Technical Report No. 97. 


Murray, J. 2008. “Some Puzzles Related to Exchange 
Rate Pass-Through.” Prepared for a conference 
hosted by University of Bologna at Rimini, Italy, 

8 May. 


Nakamura, E. and J. Steinsson. 2008. “Five Facts 
about Prices: A Reevaluation of Menu Cost 
Models.” Quarterly Journal of Economics 123 (4): 
1415-64. 


Otani, A., S. Shiratsuka, and T. Shirota. 2003. “The 
Decline in the Exchange Rate Pass-Through: 
Evidence from Japanese Import Prices.” 
Monetary and Economic Studies 21 (3): 53-82. 


Taylor, J. 2000. “Low Inflation, Pass-Through, and the 
Pricing Power of Firms.” European Economic 
Review 44 (7): 1389-408. 


ee ee ee ee eee 
@ HAS EXCHANGE RATE PASS-THROUGH REALLY DECLINED? SOME RECENT INSIGHTS FROM THE LITERATURE 


BANK OF CANADA REVIEW ® AUTUMN 2010 


Economic Activity 


e The recent global crisis is a prime example of the 
substantial impact that periods of high financial 
sector stress can have on the real economy. 
Indeed, this crisis clearly demonstrates that the 
real economy and the financial sector can under- 
mine each other, with financial stress and weak 
output feeding each other. 


® This article examines the potential for non-linear 
relationships between financial stress, monetary 
policy, and the real economy by surveying the 
relevant literature and estimating a model with 
Canadian data. 





» The research summarized indicates that the 
economy can be characterized by regimes of 
low and high financial stress and that monetary 
policy can influence the likelihood of transitioning 
between the two regimes. 


» It also implies that monetary policy actions have 
stronger effects when financial stress is high and 
that tightening monetary policy tends to have 
more impact than easing. 


Financial stress, Monetary Policy, and 





Fuchun Li, Financial Stability Department and Pierre St-Amant, Canadian Economic Analysis 


though there have been various episodes of 
Ave financial stress (e.g., the recession of the 

early 1980s, the Asian crisis of the 1990s, the 
1998 LTCM scare, and the high-tech bust of the early 
2000s), the recent crisis has been remarkable for the 
intensity of the negative feedback process between 
financial sector developments and the real economy 
that characterized it. Policy-makers had to take 
exceptional measures to break this process, in par- 
ticular, reducing interest rates to historic lows. While 
policy actions were successful at reducing financial 
stress, the crisis nevertheless stimulated interest in 
the relationship between financial sector develop- 
ments, the real economy, and monetary policy. This 
article briefly reviews the economic literature on this 
topic, focusing on studies that allow for non-linear 
relationships between monetary policy, financial stress, 
and the real economy. 


Results obtained from an empirical model estimated 
with Canadian data and allowing for the presence of 
two financial-stress regimes are also presented. The 
methodology used builds upon Balke (2000), and 
financial stress is measured with the index proposed 
by Illing and Liu (2006), which was designed to reflect 
tensions in the Canadian financial system. 


Selective Literature Review 


Seminal contributions by economists as diverse as 
Knut Wicksell, Irving Fisher, and Friedrich von Hayek 
have emphasized the role that financial sector develop- 
ments play in explaining economic fluctuations.’ More 
recent contributions have examined the potential for 
non-linear or amplifying relationships between financial 
stress, monetary policy, and other economic variables 
(i.e., the relationship between these variables may not 
be proportional). 


1 See Laidler (2007) for an excellent discussion. 
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For example, Blinder (1987) presents a theoretical 
model with credit frictions (imperfect information about 
borrowers) in which the economy can enter credit- 
rationing regimes in which some creditworthy bor- 
rowers Cannot access credit. This could be caused 
by tight monetary policy, which Blinder defines as a 
decrease in central bank reserves. Output growth is 
lower in such a regime, since a tighter monetary policy 
can imply that businesses lose access to credit, 
amplifying non-linearly the effects of the monetary 
policy tightening (over and above more traditional 
effects on investment and consumption).? 


Bernanke and Gertler (1989) present a model with 
agency costs in which changes in borrowers’ balance 
sheets can give rise to a “financial accelerator” ampli- 
fying fluctuations in output. In their model, negative 
exogenous “technology” and “balance-sheet” shocks 
are likely to have a greater effect than positive shocks, 
because financing constraints likely become binding 
only after a certain level of borrowing. Subsequent 
work extended this analysis to models that include 
monetary policy. For instance, Bernanke and Gertler 
(1995) discuss models in which the effects of monetary 
policy shocks on real spending can be magnified 
through a higher premium on external financing (the 
cost of financing a project through borrowing minus 
that of using internal funds). They also discuss a bank- 
lending channel through which a bank’s financial 
situation also acts as an accelerator mechanism. 
More recently, Adrian and Shin (2009) argue that the 
effects of monetary policy can be amplified through 
impacts on the balance sheets of other types of finan- 
cial intermediaries. 


Even though these models differ in various dimensions, 
they all imply non-linear dynamics between financial 
stress, monetary policy, and the real economy, and 
they provide a theoretical rationale for empirical 
analyses of non-linear and regime-dependent rela- 
tionships between the degree of financial stress, 
monetary policy, and economic activity. 


One example of such an exercise is McCallum (1991). 

He uses U.S. data to estimate a simple output equation 
in which the coefficient associated with the monetary 

variable (M1 in one version) changes when the economy 
is thought to be in a regime of credit rationing. He finds 
that monetary tightening has stronger effects (output 


2  Azariadis and Smith (1998) also present a model with endogenously determined credit- 
rationing regimes 

3 The “financial accelerator” ideas popularized by Bernanke and Gertler have generated a 
large literature that Bernanke (2007) summarizes in non-technical terms. There have been 
attempts to integrate these ideas in policy models; for example, Christensen et al. (2009). 
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slows more) when credit is tight, a result that he says 
corroborates a prediction of Blinder’s (1987) model. 


Like McCallum, Galbraith (1996) uses a single-equation 
model. However, while in McCallum’s work credit 
regimes are determined exogenously, Galbraith’s 
model allows for endogenously determined threshold 
effects (i.e., the economy can be in different credit 
regimes with different economic relationships). He 
finds evidence of such effects for the United States 
but not for Canada. The absence of a credit variable 
in Galbraith’s model might explain his mixed results. 


Since the empirical exercise presented in this article 
builds largely on Balke (2000), we discuss his approach 
in more detail. It consists of (i) selecting and estimating 
a four-variable threshold vector autoregressive (TVAR) 
model with U.S. economic data; (ii) testing formally for 
the presence of threshold effects; and (ili) analyzing 
impulse responses to see if they reveal signs of non- 
linear propagation of shocks across the regimes iden- 
tified by the threshold model. Balke uses the yield 
spread between commercial paper and Treasury Bills 
to identify credit regimes. The other variables included 
in his TVAR model are real output, inflation, and a 
monetary variable (approximated by M2 growth or the 
federal funds rate). Balke finds strong evidence of 
threshold effects related to credit conditions. He also 
finds that, on average, tightening monetary policy (a 
higher interest rate or slower growth rate of money) 
has larger effects than easing.* In addition, he finds 
that monetary shocks have larger effects in the tight- 
credit regime. 


Various studies have used approaches similar to that 
of Balke. For example, Atanasova (2003) finds signifi- 
cant evidence of threshold effects with models applied 
to U.K. data. In addition, she finds that monetary 
policy has a greater impact when credit is tighter. 
However, she also finds that the effects of positive 
and negative monetary policy shocks are symmetric. 


It is important to note that most of the studies men- 
tioned use market-specific measures of financial 
stress. For instance, Balke focuses on the commercial 
paper market, ignoring potential stresses in other 
markets. To address this limitation, the empirical 
exercise presented here uses a financial stress index 
(FSI) designed to reflect tensions in various Canadian 
credit markets. 


4 Arelated literature, using different approaches, generally reaches the same conclusion: 
monetary tightening has a stronger impact than monetary easing. See, for instance, 
Cover (1992) and Karras (1996). In contrast, Weise (1999) finds that the effects are 
symmetric. 














The Model 


Within the class of possible non-linear models, we 
concentrate on the TVAR model. Such a model pro- 
vides a relatively simple and intuitive way to formulate 
non-linearity, such as regime switching, asymmetry, 
and multiple equilibriums, implied by the theoretical 
models of financial and macroeconomic activity. A 
TVAR model works by splitting time series endogen- 
ously into different regimes. The role of financial- 
stress conditions as a non-linear propagator of 
shocks is captured by a TVAR model containing four 
variables: Canadian real output growth, inflation, the 
real overnight rate, and a financial stress index. 
Although the FSI is the chosen threshold variable, 
because all the variables included in the model are 
endogenous, shocks to output, inflation, the overnight 
rate, and to financial-stress conditions may induce a 
shift to a different financial-stress regime.*® 


Although the FSI is the chosen 
threshold variable, because all 
the variables included in the model 
are endogenous, shocks to output, 
inflation, the overnight rate, and to 
financial-stress conditions may induce a 
shift to a different financial-stress regime. 


In addition, we assume that the TVAR model has a 
recursive structure, with the causal ordering as fol- 
lows: output growth, inflation, the real overnight rate, 
and the financial-stress variable. This ordering implies 
that monetary policy shocks are shocks to short-term 
interest rates and do not have a contemporaneous 
impact on output or inflation. This is consistent with 
the view that monetary policy shocks affect output 
and inflation only after a lag. Monetary policy shocks 
can, however, have a contemporaneous impact on the 
FSI. This assumption reflects the view that financial 
variables can respond very quickly to all types of 
shocks.® 


Financial stress is measured using the index for 
Canada proposed by Illing and Liu (2006). The index is 
a continuous variable composed of various measures 


5 SeeLi and St-Amant (2010) for more details about the methodology. 
6 Balke (2000) and Atanasova (2003) use similar assumptions, as do various other 
empirical models of monetary policy. 


of tension in credit markets. The variables in the FSI 
are selected based on a literature review and are 
weighted by the relative size of the market to which 
they pertain in Canadian total credit. This weighting 
approach produced an index that could fit episodes 
of financial stress identified in a survey of Bank of 
Canada senior managers and economists. It is 
important to note that movements in the FSI could be 
caused by shocks originating outside Canada. This is 
because foreign developments can affect Canadian 
variables captured by the FSI and because the FSI 
includes foreign economic variables, such as volatility 
in the Can$/US$ exchange rate and the spread 
between Canadian and U.S. short-term borrowing 
rates.” 


Results 


The sample period is 1981Q4 to 2009Q4.8 All series 
are quarterly. Chart 1 presents the time series for the 
growth rate of real GDP, inflation, the real overnight 
rate, and the FSI—the threshold variable. For refer- 
ence, periods with significant economic events are 
shaded. Table 1 presents tests of a linear VAR model 
against a TVAR alternative, as well as the estimated 
threshold values for the FSI. The test results in 

Table 1 provide strong evidence against linearity in 
the VAR model and in favour of the TVAR specifica- 
tion. Whether this non-linearity results in economically 
meaningful asymmetry in the effects of monetary 
policy shocks, however, must be determined by 
examining the dynamic effects of these shocks in the 
TVAR model. 


Table 1: Tests for threshold VAR 


Threshold Threshold Sup-Wald Exp-Wald Pealue 
variable value statistic statistic 


Note: The delay for the threshold variable is given by d =1, and the lag of the TVAR is 3. 
The p-values are calculated by Hansen’s (1996) bootstrap method with 500 replications. 









7 The index also includes the following variables: the spread between yields on bonds 
issued by Canadian financial institutions and the yields on government bonds of 
comparable duration; the yield spread on Canadian non-financial corporate bonds; the 
inverted term spread (i.e., the 90-day treasury bill rate minus the 10-year government 
yield); the beta derived from the total return index for Canadian financial institutions; 
TSX GARCH volatility; the average bid/ask spread on Canadian treasury bills; and the 
spread between Canadian commercial paper rates and rates on treasury bills of compara- 
ble duration. See Illing and Liu (2006) for more details. 

8 The sample used by Li and St-Amant (2010) is 198104 to 200604. In addition, total 
inflation is used in the working paper, instead of the core inflation measure used here. 
Most results are qualitatively the same, but the longer sample provides more evidence 
that monetary shocks have a larger impact on output when financial stress is high. 
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Chart 1: Variables used and estimated threshold value? 


a. Financial-stress indicator 
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a. Shaded areas on each chart denote the events labelled in Chart 1a. 
b. LCD: Less-developed country 

c. ERM: Exchange rate mechanism 

Source: Authors’ calculations 


The asymmetric effects of monetary policy shocks are 
explored along three dimensions.® First, does a con- 
tractionary policy shock (a higher real overnight rate 
than predicted by the model) have different effects 
than an expansionary policy shock? Second, do mon- 
etary policy shocks have different effects in regimes of 
low and high financial stress? Third, do shocks of 
different magnitudes have disproportionate effects? 


Chart 2 presents the estimated impulse response of 
our four variables over 12 quarters to a one-time 
shock to the real overnight rate in regimes of low and 
high financial stress. The size of the shock is set to 
the standard deviation of monetary policy shocks 
computed in the linear model. The responses to con- 
tractionary shocks, along with their 95 per cent point- 
wise confidence band (calculated with the bootstrap 


9 Whereas in a linear model, one set of impulse-response functions is sufficient to 
characterize the estimated model, in the non-linear case, the impulse-response 
functions are sensitive to the initial conditions and to the magnitude of the impulses. 
Details on computing the impulse-response functions for a TVAR model are discussed 
in Atanasova (2003). 


b. GDP growth 
% 


-2 
1980 1985 1990 IGS 2000 2005 2010 


d. Overnight rate 
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method) are plotted, as well as the responses to 
expansionary shocks with the sign reversed. 


Regardless of the initial level 
of financial stress, a contractionary 
monetary shock has a stronger effect 
on output growth and the FS! 
than an expansionary shock. 


Chart 2 provides some evidence of asymmetry in the 
effects of contractionary and expansionary monetary 
policy shocks on output growth and the FSI. This 
result indicates that regardless of the initial level of 
financial stress, a contractionary monetary shock has 
a stronger effect on output growth and the FSI than 
an expansionary shock. This asymmetric response 
of output growth is consistent with the results of 
McCallum (1991), Balke (2000), Cover (1992), and 
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Chart 2: Response to monetary policy shocks in different financial-stress regimes 
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High-financial-stress regime: 
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Chart 2: Response to monetary policy shocks in different financial-stress regimes (cont’d) 


Low-financial-stress regime: 
g. FSI 


Cumulative response 
85 


3.0 
ZaS 
2.0 
les) 
1.0 
0.5 
0.0 


=O) 
Os ie 2 Ome tO eas Ln 


Quarters from shock 


—— Expansionary shock 
95 per cent confidence interval 


—— Contractionary shock 


Source: Authors’ calculations 


Karras (1996). However, it differs from those of Weise 
(1999) and Atanasova (2003). 


Chart 2 also shows that, when the economy Is ina 
regime of low financial stress, inflation begins to fall 
quickly in response to a contractionary policy shock, 
and the negative responses persist for a quarter, after 
which the responses are positive. To explore the pos- 
sible reasons for the positive responses, Table 2 
reports the average values of the four variables in 
different financial regimes, indicating that, on average, 
in the high-financial-stress regime, inflation, the FSI, 
and the real overnight rate are higher, and output 
growth lower, than in the low-financial-stress 
regime.’ Obviously, one of the most important fea- 
tures of the TVAR model is that shocks can cause 
regimes to change, suggesting that the impulse- 
response functions depend not only on the original 
state of the economy at the time of the shock, but 
also on the current state of the economy. We also find 
that when the economy is initially in a regime of low 


Table 2: Mean values of variables in different regimes 


Financial- GDP growth Inflation Real FS| 
stress regime rate rate overnight rate 


[os [099] 


High stress 


10 These are average values that do not need to repeat themselves in the future. For 
instance, the ongoing global financial crisis appears to be associated with disinflation, 
not inflation. 
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financial stress, a contractionary policy shock has a 
higher probability of switching the economy into a 
high-stress regime than the absence of a monetary 
policy shock (Chart 4). 


We find that when the economy 
is initially in a regime of 
low financial stress, a contractionary 
policy shock has a higher probability 
of switching the economy into a 
high-stress regime than the absence 
of a monetary policy shock. 


Chart 3 displays information similar to that in Chart 2, 
except that regimes of high and low financial stress 
are grouped together on the same chart instead of 
positive and negative shocks. This chart provides 
strong evidence to support the hypothesis that the 
effects of monetary policy shocks differ depending on 
the initial state of the economy. For instance, Chart 3 
shows that a contractionary shock to monetary policy 
causes more financial stress and a greater decrease 
in output growth when the economy is in high finan- 
cial stress than when it is in low financial stress. 
Inflation also responds more strongly. According to 
Blinder’s (1987) model of credit rationing, a tightening 
of monetary policy has stronger effects on the real 





Chart 3: Response in different financial-stress regimes experiencing a contractionary 
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Chart 3: Response in different financial-stress regimes experiencing a contractionary 


or expansionary shock to monetary policy (cont’d) 
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Source: Authors’ calculations 


sector when credit is already tight but weak effects 
when credit is initially plentiful. Hence, our empirical 
finding regarding the impact of a contractionary mon- 
etary policy shock on output growth is consistent with 
Blinder’s view. 


a regime of high financial stress, while large expan- 
sionary shocks can increase the likelinood of moving 
to, or remaining in, a regime of low financial stress. 
Larger shocks have more impact on the likelihood of 
regime switching. These results suggest that mon- 
etary policy shocks have an impact on the FSI and 
play an important role in the evolution of financial- 
stress regimes. 


Chart 4 plots the estimated probability of a transition 
from one regime to the other. For comparison, the 
probability of such a transition in the absence of a 
monetary policy shock is also plotted. Chart 4 indi- 
cates that contractionary monetary policy shocks can 
increase the likelihood of switching to, or staying in, 


Chart 4: Impact of monetary policy shocks on the probability of transition 
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Conclusions 


Some previous research has emphasized the role that 
financial sector developments could play in the trans- 
mission mechanism of monetary policy. Both theor- 
etical models and empirical findings point to the 
possibility that there are non-linear relationships 
between monetary policy, the business cycle, and 
developments in the financial sector. 


Using Canadian data and a TVAR model that allows 
for such non-linear relationships, we obtain results 
that are generally consistent with the previous litera- 
ture. That is, when the economy can move into dif- 
ferent financial-stress regimes, monetary policy 
actions can influence the likelihood of moving into 
these regimes, and monetary policy tightening 
appears to have more powerful effects, in general, 
than monetary policy easing. Moreover, the effects of 
tighter monetary policy are particularly large in 
regimes of high financial stress. 


These results point to the need for policy-makers to 
take into account the impact that their actions might 
have on financial conditions. They also point to the 
need to be aware of the possibility that conditions in 
the financial sector influence the effects of policy 
actions. These transmission mechanisms must be 
factored into the models used to guide monetary 
policy decisions. While progress has been made in 
developing such models, much remains to be done. 
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Trends in Issuance: Underlying Factors 


and Implications 





Jonathan Witmer, Financial Markets Department 


e Inthe past decade, trends in issuance have 
changed significantly, both in the period leading 
up to the financial crisis and subsequently. 


e Prior to the crisis, there was a large increase in the 
issuance of riskier and more innovative forms of 
financing, and a high level of future issuance will 
likely be required to refinance this past issuance as 
it matures. 


e In Canada, the increased use of innovative and 
riskier financing sources was less pronounced, 
and future refinancing needs are more in line with 
historical issuance levels. 


he increasing global issuance of innovative and 

riskier forms of financing, such as subprime- 

mortgage securitizations, contributed to the 
recent financial crisis. This crisis and the subsequent 
regulatory response will have implications for the 
future issuance of corporate bonds, corporate equi- 
ties, and securitization. 


Canada withstood the global crisis better than most 
other industrialized countries. This reflected a number 
of core economic strengths, most notably a well- 
Capitalized financial sector and strong corporate 
balance sheets. This position, in addition to differ- 
ences in issuance patterns leading up to the crisis, 
means that the repercussions for Canadian issuers 
are somewhat different from those being experienced 
by issuers in other countries. 


The objective of this article is to provide an update on 
trends in issuance in Canada relative to those in other 
capital markets and, where possible, to assess the 
factors underlying these trends in the context of the 
financial crisis.‘ It also aims to analyze the impact of 
the financial crisis on Canadian corporate issuance, 
relative to historical issuance and to issuance patterns 
in other markets. To do so, it examines trends in cap- 
ital markets in Canada and other regions over the past 
ten years, with a focus on three areas: the issuance of 
financial and non-financial corporate bonds, the issu- 
ance of financial and non-financial corporate equity, 
and securitization.” 


1 Kennedy (2004) and Freedman and Engert (2003) have examined the state of Canada’s 
capital markets, both historically and in comparison to those of other countries. 

2. This article does not examine asset-backed commercial paper (ABCP) and money 
markets. For a discussion of the Canadian ABCP market, see Kamhi and Tuer (2007a, 
2007b). 
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Debt Markets 


Debt market composition 


Roughly in line with economic growth, non-financial 
Canadian corporate issuers have consistently 
increased their bonds outstanding over the past 
decade, with annual net issuance positive for most of 
the period (Chart 1). Nevertheless, there were notable 
differences in bond issuance. In 2001, in the first half 
of 2008, and throughout 2009, non-financial net bond 
issuance was larger than in the past. Some of this 
increase can be explained by a substitution from other 
sources of funding. For example, the increase in net 
corporate bond issuance in 2009 was more than 
offset by a reduction in short-term business credit. 
However, in the first half of 2008, short-term business 
credit increased. The increase in both short-term 
business credit and net bond issuance in this period 
could be explained by precautionary borrowing: as 
economic conditions started to deteriorate during 
these periods, corporations accessed credit markets 
as a safeguard against worsening credit conditions. 


Chart 1: Net issuance of Canadian corporate bonds 


$ billions 
30 


Zo 


1998 2000 2002 2004 2006 2008 
WH Financial issuers MJ Non-financial issuers 


Source: Bank of Canada 


Throughout the 1990s, the debt-to-equity ratio of 
Canadian non-financial corporations was well above 
that of the United Kingdom and the United States 
(Cote and Graham 2007). However, notwithstanding 
the net positive bond issuance of Canadian non- 
financial corporations over the past decade, the debt- 
to-equity ratio of non-financial corporations has 
declined since 2002 and, at the end of 2009, was 
below that of the United Kingdom and the United 
States (Bank of Canada 2010). 


The net issuance of bonds by Canadian financial 
institutions was also positive until the financial crisis, 
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leading to an increase in financial bonds outstanding 
that outpaced economic growth as the amount of net 
bond issuance by financial issuers rose from 2002 to 
2008. During the crisis, however (i.e., the second half 
of 2008 and the first half of 2009), conditions in global 
markets deteriorated, with yield spreads on Canadian 
investment-grade financial institutions widening out 
sharply from a pre-crisis level of about 50 basis points 
(bps) to a peak of around 400 bps.? In Canada, the 
introduction of the Insured Mortgage Purchase 
Program (IMPP) in October 2008, through which the 
government purchased a large amount of govern- 
ment-insured, mortgage-backed securities from the 
banks, alleviated banks’ funding needs (Department 
of Finance 2008). As a result, net financial bond issu- 
ance turned negative, as the gross issuance of finan- 
cial corporations fell (Chart 2).¢ 


Chart 2: Gross issuance of Canadian bonds 
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Source: Bank of Canada 


Credit spreads on investment-grade financial institu- 
tions widened out even more sharply in the United 
States, reaching close to 900 bps at the peak of the 
Crisis (Bank of America Merrill Lynch). In October 
2008, to address worsening market conditions, the 
U.S. Federal Deposit Insurance Corporation (FDIC) 
announced the Debt Guarantee Program through 
which the FDIC guaranteed newly issued senior 
unsecured debt of insured depository institutions and 
most U.S. bank holding companies (FDIC 2008). This 
program was a vital source of funding for these insti- 
tutions. Under the program, US$305 billion was 
issued—almost 40 per cent of average annual 


Source: Bank of America Merrill Lynch. 

At $69 billion, the amount of government-insured, mortgage-backed securities pur- 
chased through the IMPP more than offset the drop in financial issuance in the second 
half of 2008 and the first half of 2009 (Chart 2). 


Ww 


corporate (financial and non-financial) bond issuance 
from 2000 to 2007 and about half of the maximum 
amount of FDIC-guaranteed debt that could be issued 
by these entities.* 


As a result of the elevated bond issuance by banks 
globally prior to the crisis, as well as a shortening of 
maturities on this bond issuance over the past five 
years, a Sizable amount of bank bonds will be 
maturing between now and 2012 (Moody’s 2010a). 
Thus, the concentrated need for issuance over this 
period could lead to heightened refinancing risks. This 
is less of a problem in Canada, since the amount of 
bonds from Canadian financial and non-financial 
issuers maturing over the next few years is roughly in 
line with issuance prior to the crisis (Bank of Canada 
2010). 


The currency composition of debt 
markets 


Bonds are issued in foreign currency for various rea- 
sons. Some issuers choose to fund themselves in 
U.S. dollars as a natural hedge for U.S.-dollar cash 
flows. Other reasons to issue in the U.S. market 
include the ability to issue larger amounts of funds, 
given the greater market depth; the ability to issue 
bonds with a longer maturity (Freedman and Engert 
2003; Anderson, Parker, and Spence 2003); as well as 
the reduced all-in cost of that funding (i.e., after the 
cash flows from the bond are converted back into 
Canadian dollars) relative to domestic sources. 


From 2002 to 2006, the net issuance of foreign- 
currency bonds by Canadian financial and non-financial 
corporations was low, relative to domestic bond issu- 
ance over the same period and relative to foreign- 
Currency bond issuance over the preceding period 
(Chart 3). Since 2007, however, the net issuance of 
foreign-currency bonds by Canadian financial and 
non-financial corporations has increased relative to 
the period preceding the crisis. 


In the wake of the financial crisis, 
covered bonds have become an 
attractive funding alternative for banks. 


5 This maximum amount was equal to 125 per cent of the face value of outstanding 
senior unsecured debt, as of 30 September 2008, that was scheduled to mature on or 
before 30 June 2009. For issuance under this program, refer to: http://www.fdic.gov/ 
regulations/resources/tlgp/total_issuance03-10.html. Average annual bond issuance 
data is from the Securities Industry and Financial Markets Association (SIFMA). 


Chart 3: Net bond issuance by Canadian corporations 
By currency 
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Note: Issues payable in foreign currencies have been converted into Canadian dollars at 
the average noon market rate for the month. 
Source: Bank of Canada 


In particular, Canadian banks began issuing covered 
bonds in late 2007, which, until 2010, were denomin- 
ated in foreign currencies.® Three Canadian banks 
had issued covered bonds by the end of 2008, and 
midway through 2010, all five of the largest Canadian 
banks had issued covered bonds. The earlier issues 
were denominated in euros, since the market for euro 
covered bonds is the most developed, but more 
recently Canadian banks have also issued these 
bonds in Swiss francs, U.S. dollars, and Canadian 
dollars. In the wake of the financial crisis, covered 
bonds have become an attractive funding alternative 
for banks because they allow the diversification of 
their funding sources and investor base and can be 
cost-advantageous relative to the issuance of 
unsecured debt. 


At $24 billion, the covered bonds issued by Canadian 
banks to date represent less than 1 per cent of their 
total assets. Since banking regulation allows banks to 
issue up to 4 per cent of their total assets in covered 
bonds (OSFI 2007), there is the potential for more 
covered bond issuance in the future. This trend is 
likely to continue, since the federal government 
announced in its March 2010 budget that it will intro- 
duce legislation on covered bonds in Canada, thus 
contributing to greater certainty about the structure 
and treatment of covered bonds. This, in turn, should 
help bolster investor confidence and possibly lead to 
a decline in the associated cost of funding. 


6 See Gravelle and McGuinness (2008) for a discussion of the covered bond market. 
Covered bonds are marketable debt securities backed by a dedicated pool of collateral, 
typically residential mortgage loans. 
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The Canadian market had also become attractive to 
foreign issuers. By the end of 2007, the so-called 
Maple Bond market had developed and grown to 

$69 billion.” The development of this market can be 
attributed to a confluence of factors, including the 
elimination by the Canadian federal government of the 
Foreign Property Rule in 2005 (which had previously 
Capped tax-shielded investments by Canadians in 
foreign assets), the reduction in Canadian government 
debt issuance, and attractive rates on Can$/US$ 
basis swaps that resulted in attractive financing rates 
for foreign issuers when the proceeds from the sale of 
Maple Bonds were converted back into the issuer’s 
funding currency of choice. These last two factors 
also help to explain why net bond issuance by 
Canadian financial and non-financial corporations in 
the period just prior to the crisis was predominantly in 
Canadian dollars. 


During and after the financial crisis, however, new 
issuance in the Maple Bond market was limited by 
several factors. First, there were concerns over the 
health of foreign financial issuers who made up a 
dominant segment of this market, since a number of 
former issuers, such as Bear Stearns and Lehman 
Brothers, collapsed during the crisis. Second, market 
liquidity dried up in most non-core markets world- 
wide, making Maple Bonds less attractive for invest- 
ors.® There have recently been signs of a revival in this 
market, with several new issues of Maple Bonds in 
2010. 


The high-yield bond market 


Over the years, Canadian firms have benefited from 
their proximity and access to the large U.S. high-yield 
debt market: the issuance of high-yield securities by 
Canadian non-financial corporations (in all Currencies), 
as a proportion of total bond issuance by Canadian 
non-financial corporations, is comparable to that of 
U.S. non-financial issuers and is much higher than 
that of both Asian and European non-financial issuers 
(Chart 4).° Since most Canadian high-yield securities 
have historically been issued in the United States, 
high-yield bond issuance by Canadian corporations 


7 Maple Bonds are Canadian-dollar-denominated bonds issued in Canada by non- 
Canadian borrowers. See Hately (2006) for an in-depth discussion of the Maple Bond 
market. 

8 Liquidity in the secondary market for Maple Bonds has been limited to date, so invest- 
ors may have little choice but to hold the securities until maturity. This weak secondary 
market support is partially due to the limited number of underwriters typical of most 
Maple Bond issues. 

9 The overall volume of high-yield issuance in Canada varies widely because the total 
issuance of Canadian high-yield debt is generally low and is concentrated in a few large 
names. Therefore, one large issue can cause the total volume of high-yield issuance in 
Canada to spike in a given quarter. 


follows trends in the global issuance of high-yield 
bonds. 


Leading up to the financial crisis, throughout 2006 
and the first half of 2007, spreads on high-yield bonds 
narrowed substantially.’° At the same time, the issu- 
ance of high-yield bonds by global issuers increased 
as firms used this opportunity to either refinance their 
current obligations at lower costs or to increase their 
leverage (Chart 5). This was facilitated by strong 
investor demand for higher-yielding, and relatively 
simple to understand, fixed-income securities, given 
the low-interest-rate environment. A substantial frac- 
tion of this global high-yield issuance was by large 
firms that drastically increased their leverage via 
leveraged buyouts (LBOs). 


Chart 4: Issuance of high-yield bonds by Canadian 
issuers 
As a proportion of total non-financial issuance 
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Chart 5: Issuance of high-yield bonds by global issuers 
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10 Spreads on U.S. high-yield credit (based on the Bank of America Merrill Lynch index) 
narrowed from over 400 bps at the end of 2003 to under 250 bps in the middle of 2007, 
before widening sharply to over 1800 bps by the end of 2008. 
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While the wave of LBOs in the late 1980s was driven 
by the development of the high-yield market, the LBO 
wave in 2006 and 2007 was driven largely by another 
financial innovation: collateralized debt obligations 
(CDOs)."* The advent of this source of financing facili- 
tated access to a wider base of investors and, in an 
environment where investors were searching for yield 
contributed to lower spreads and looser covenants. 
CDOs also allowed larger U.S. firms to undergo an 
LBO that might not have been possible otherwise 
(Shivdasani and Wang 2009). Of course, in hindsight, 
these loose financial conditions turned out to be a 
precursor to the financial crisis. 


¥ 


From the beginning of the credit crisis in mid-2007 
through the end of 2008, the issuance of both high- 
yield debt and CDOs dropped drastically, and credit 
spreads on high-yield issues, proxied by the Bank of 
America Merrill Lynch U.S. high-yield index, widened 
significantly to over 1800 bps. Since it was no longer 
possible to securitize leveraged loans during the 
Crisis, a Substantial pipeline of leveraged loans 
unexpectedly remained on bank balance sheets.*? 
LBOs virtually disappeared, and some previously 
announced LBOs either collapsed or were renegoti- 
ated amid the marked deterioration in credit 
conditions. 


As market conditions improved in 2009, the issuance 
of high-yield debt resumed, especially in the United 
States, where it accounted for over 25 per cent of 
total corporate debt issuance in the second half of 
2009 (Chart 4). In the United States, over 78 per cent 
of high-yield issuance in 2009 refinanced existing 
debt or extended debt maturities (Moody’s 2010b). 
Significant volumes of high-yield debt will need to be 
issued in the future simply to refinance existing debt: 
about US$200 billion of high-yield bonds and 
US$500 billion of leveraged loans are set to mature in 
the United States between 2012 and 2014 (Moody’s 
2010b). Of course, the ability to sustain this level of 
high-yield issuance is dependent on market condi- 
tions, including investors’ capacity and appetite for 
risk, and deterioration of these conditions could spell 
trouble for high-yield debt issues. 


In Canada, about US$26 billion of high-yield bonds 
and leveraged loans are set to mature between 2012 
and 2014 (Moody’s 2010c). While this is small relative 


11 CDOs generally have bank loans (referred to as collateralized loan obligations or CLOs), 
bonds (referred to as collateralized bond obligations or CBOs), structured finance 
(e.g., ABS, MBS, other CDOs) or some mixture of the above as their collateral. 

12 In June 2007, the pipeline of banks’ leveraged loan and bond commitments was about 
US$400 billion but has since declined (CGFS 2008). Source: Lehman, S&P Leveraged 
Commentary and Data 


to U.S. high-yield refinancing needs and manageable 
relative to the total amount of annual Canadian non- 
financial gross issuance (high-yield and investment- 
grade) of about US$30 billion (Chart 1), the similar 
maturity structure to U.S. high-yield debt and reliance 
on that market may compound difficulties in 
refinancing. 


There have been several high-yield 
transactions in Canada over the past 
year, pointing to a developing Canadian 
market for high-yield bonas. 


Although historically most Canadian high-yield bonds 
have been issued in the large U.S. market,** there 
have been several high-yield transactions in Canada 
over the past year, pointing to a developing Canadian 
market for high-yield bonds. A number of factors are 
contributing to this development, including the low- 
interest-rate environment; attractive spreads on high- 
yield bonds relative to historical levels; as well as an 
increased appetite for high-yield bonds by Canadian 
investors, evidenced by the more than doubling of the 
assets of Canadian high-yield, fixed-income mutual 
funds from $4.4 billion at the end of 2008 to $9.5 bil- 
lion at the end of 2009 (IFIC 2009). While most of 
these recent high-yield issues in the Canadian market 
have been small in size, the trend towards more high- 
yield issuance in Canada may persist, since income- 
trust conversions will also be looking to issue into the 
high-yield market. 


Equity Markets 


Although the financial crisis originated in the United 
States, it has had a profound effect on financial 
wealth around the world. Capitalization of global 
equity markets had doubled from US$30 trillion to just 
over US$60 trillion from the end of 2003 to the end of 
2007, before these gains were completely erased over 
the course of 2008 and the first quarter of 2009 
(Chart 6).‘* Equity markets rebounded strongly 
through 2009 to recover about half of the decline 
experienced during the crisis. Nevertheless, the net 
loss of global wealth from the decline of US$15 trillion 


13 For example, as of July 2010, 11 per cent of the Bank of America Merrill Lynch index of 
high-yield Canadian issuers was in Canadian dollars, with the remainder in U.S. dollars. 

14 During the October 1987 stock market crash, 19 of 23 major stock markets declined by 
20 per cent or more (Roll 1988). 
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Chart 6: Equity market capitalization 
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in global equity market capitalization from the peak 
still represents about a quarter of global GDP. To put 
the magnitude of this US$30 trillion drop in wealth in 
perspective, it is more than ten times as large as the 
global writedowns by financial institutions during the 
crisis (estimated at US$2.3 trillion). 


Canadian equity markets have experienced similar 
fluctuations in capitalization: it rose from US$1 trillion 
at the end of 2004 to US$1.75 trillion at the end of 
2007, then fell to US$1 trillion at the end of 2008, 
before partly recovering to US$1.6 trillion at the end of 
2009."* Over the same period, combined market 
capitalization in BRIC countries (Brazil, Russia, India, 
and China) followed a similar path but increased much 
more markedly, from US$1 trillion at the end of 2004 
to US$6 trillion at the end of 2009, reflecting the 
growing importance of these emerging markets in the 
global economy and market place. 


Equity issuance 


The volume of equity raised by Canadian firms has 
increased over the past ten years: the total annual 
value of equity issued in 2007 was more than double 
its 2003 level (Chart 7). While there was a temporary 
decline in equity issuance by Canadian firms during 
the worst of the financial crisis, this decline was much 
more muted than that observed in other markets, and 
the amount of equity issued was still above the levels 
seen from 1998 through 2006. However, some of the 


15 Pichette (2004) examines the relationship between consumer spending and wealth and 
finds that consumer spending responds to changes in housing wealth but responds 
very little to changes in equity wealth. She posits that the lower sensitivity to changes 
in equity wealth can be explained by the more transitory nature of equity-price changes 
and by the concentration of equity ownership among a small proportion of households. 





Chart 7: Canadian issuance of common equity 
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Chart 8: U.S. issuance of equity 
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equity issuance since 2007 has been the result of 
income-trust conversions, which partially explains this 
more muted decline. Equity issuance by U.S. firms did 
not increase as dramatically as that of Canadian firms 
from 2003 to 2007 but, nonetheless, declined in the 
second half of 2008 (Chart 8). 


While total equity issuance was less affected during 
the crisis than issuance in other segments of capital 
markets, such as debt and securitized products, there 
has been a marked change in the distribution of issu- 
ance between financial and non-financial corporations 
since the onset of the crisis. In both Canada and the 
United States, the issuance of non-financial equity 
declined substantially during the poor market condi- 
tions (e.g., low market valuations) in the second half of 
2008.*® However, as market valuations rebounded 


16 Firms could also rely on internal sources of funds. Non-financial firms in both countries 
had steadily increased the proportion of assets held in cash since the 1990s (McVanel 
and Perevalov 2008: Bates, Kahle, and Stulz 2008). 
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from the lows reached in March 2009 and as the 
investors demanded higher returns—with higher risk— 
the issuance of Canadian and U.S. non-financial 
equity returned to pre-crisis levels.” 


In contrast, global financial institutions have increased 
their equity issuance substantially to offset the effect 
of the large writedowns and losses experienced 
during the crisis and to build capital in anticipation of 
more stringent regulatory requirements. As of July 
2010, financial institutions, mainly from Europe and 
the United States, had raised US$1.5 trillion in new 
private and public capital since mid-2007 to offset 
US$1.8 trillion in writedowns and losses.*® Canadian 
institutions have had considerably fewer writedowns 
and losses (US$21 billion), have raised US$14 billion in 
private capital, and did not require any capital injec- 
tion from the public sector. In 2008, financial equity 
issuance accounted for 32 per cent and 64 per cent 
of total equity issuance in Canada and the United 
States, respectively, compared with an average of 

9 per cent and 26 per cent, from 1998 through 2006. 
A similar pattern was evident in Europe. 


The future issuance of equity by financial corporations 
will depend on the amount of future writedowns and 
on the need to strengthen their capital positions. 
While the IMF estimates that approximately $550 bil- 
lion of bank writedowns had not yet been realized by 
mid-2010 (IMF 2010b), it also suggests that most of 
this amount could be covered by earnings of the 
aggregate banking system (IMF 2010a). Also, banks 
may need to issue some equity to strengthen their 
capital position to meet the proposed revisions to 
Capital requirements, which call for an improvement 
in the quality of the capital base of banks and higher 
minimum levels of capital (BCBS 2010). However, 
since banks can strengthen their capital position 
through retained earnings during the phase-in period 
for these revisions, there may be less need for the 
issuance of more common equity. 


Securitization 


The securitization process converts pools of non- 
marketable assets, such as loans, mortgages, and 
credit card receivables, into marketable securities. 
Prior to the financial crisis, securitization had become 
an important source of credit in developed econ- 
omies, particularly in the United States and, toa 


17 Baker and Wurgler (2000) investigate the relation between market valuations and 
equity issuance. 
18 Source: Bloomberg, 19 July 2010. 


lesser extent, in Canada."® Nevertheless, there are 

differences between the U.S. and Canadian securi- 
tization markets in terms of relative size, breadth of 
development, and structure. 


Residential mortgage-backed securities 


In the years leading to the crisis, the securitization of 
mortgages became a more important source of 
credit, enabling Canadian banks to increase lending 
to households. This was particularly true for National 
Housing Act Mortgage Backed Securities (NHA MBS), 
which increased from about 5 per cent of outstanding 
residential mortgages in 1998 to almost 20 per cent in 
2007 (Chart 9).?° This upward trend was at least 
partly due to changes in the NHA MBS program (e.g., 
the introduction of NHA MBS with more flexible fea- 
tures), the creation of the Canada Mortgage Bond 
(CMB) program in 2001, and increased investor 
demand for securitized products. The further increase 
in government-guaranteed MBS at the end of 2008 
and in 2009 can be attributed to the government’s 
IMPP, which brought the proportion of government- 
guaranteed MBS in Canadian mortgages to 30 per 
cent by the end of 2009.7" 


Non-government-guaranteed securitization in Canada 
was used more for subprime mortgages than for 


Chart 9: Canadian RMBS outstanding 
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19 For a discussion of the economic benefits and potentially destabilizing effect of securi- 
tization, see Selody and Woodman (2009). 

20 NHA MBS are backed by mortgages that benefit from an explicit government guar- 
antee. The NHA MBS themselves also benefit from a government guarantee of timely 
payment of interest and principal. 

21 The government announced that it would purchase up to Can$125 billion in NHA MBS. 
In total, Can$69 billion of NHA MBS were purchased under this program. 
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prime mortgages (Traclet 2010). Subprime-mortgage 
markets were much less developed in Canada than in 
the United States, reflecting the more conservative 
nature of Canadian investors and of Canadian mort- 
gage-lending practices. Hence, the non-government- 
guaranteed segment of the market for residential 
mortgage-backed securities (RMBS) in Canada is 
small at less than 3 per cent of the total amount of 
residential mortgages outstanding at the end of 2007, 
and this proportion has since declined. 


In the United States, the share of total RMBS (govern- 
ment-sponsored and non-government-sponsored) 
relative to total outstanding mortgages has increased 
slightly over time (Chart 10). However, the breakdown 
between government-sponsored and non-govern- 
ment-sponsored MBS changed: from 2000 to 2006, 
the government-sponsored share declined by 10 per 
cent as the non-government-sponsored MBS share 
(backed by jumbo, Alt-A, and subprime mortgages) 
increased by a similar amount. 


Chart 10: U.S. RMBS outstanding 


As a proportion of total amount of mortgages outstanding 
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The securitization of subprime mortgages reduced 
incentives for the monitoring and screening of bor- 
rowers and, over time, led to a strong deterioration in 
lending standards and, consequently, in the credit 
quality of the mortgages underlying non-government- 
guaranteed MBS.?? Although securitization removed 
subprime-mortgage assets from bank balance sheets, 


22 See Paligorova (2009) for a discussion of agency problems in the securitization 
process. Ashcraft and Schuermann (2008) identify seven informational frictions in 
the process of subprime-mortgage securitization and discuss how these frictions can 
contribute to problems with mortgage securitization. Demyanyk and Van Hemert (2008) 
find evidence of deterioration in the quality of subprime-mortgage loans in the years 
leading up to the crisis. 
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banks sustained large losses because the risks 
related to those assets were not fully transferred away 
from the banks (Acharya and Richardson 2009). Amid 
these losses, the issuance of non-government- 
guaranteed MBS virtually disappeared in 2008, 
resulting in a decline in the absolute level of non- 
government-sponsored MBS as older issues matured. 


Asset-backed securities 


The market for term asset-backed securities (ABS) in 
Canada is relatively small, with just under $50 billion 
outstanding at the end of 2009 (Chart 11). The two 
largest segments of this market are ABS backed by 
credit card receivables and commercial mortgage- 
backed securities (CMBS), which together account for 
about three-quarters of outstanding amounts. The 
third largest segment is ABS backed by auto loans 
and leases. As in other markets, ABS issuance was 
severely disrupted by the financial crisis, and yield 
spreads on ABS widened significantly.2* To address 
these disruptions in the Canadian ABS market and to 
help consumers and businesses to finance the pur- 
chase of new vehicles and equipment, the federal 
government announced the Canadian Secured Credit 
Facility (CSCF) in its Economic Action Plan of January 
2009. Administered by the Business Development 
Bank of Canada (BDC), the program could purchase 
up to $12 billion of newly issued ABS backed by 
vehicle and equipment loans and leases.?* 


Chart 11: Canadian term ABS outstanding 
By asset type 
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23 For example, spreads on 3-year Schedule | bank credit card programs widened to 
over 350 bps, from about 50 bps prior to the crisis. Spreads on non-bank credit card 
programs widened even further. Source: RBC Capital Markets. 

24 By the time the CSCF expired in March 2010, the BDC had purchased $3.7 billion of 
ABS (Halde 2010). 


After the announcement of the CSCF, and helped by 
positive developments in other securitization markets 
(mainly the introduction of the Term Asset-Backed 
Securities Loan Facility by the U.S. Federal Reserve) 
and improvements in financial market conditions more 
generally, spreads on Canadian ABS tightened.?5 
However, from the first quarter of 2008 to the first 
quarter of 2010, the ABS market shrank from $52 bil- 
lion to $47 billion as maturities outpaced new issues 
(Chart 11). Anecdotal evidence suggests that this was 
Caused as much by a limited supply of assets to 
securitize, because of weak credit demand and the 
availability of cheaper funding alternatives, as by a 
lack of investor demand or an impaired market. 
However, there are signs that the Canadian securitiza- 
tion market has been recovering in 2010. Through the 
first three quarters of 2010, almost $8 billion of non- 
CSCF term ABS transactions were made in the 
Canadian market, compared with less than $6 billion 
throughout 2009. 


A number of notable differences between Canadian 
and U.S. ABS markets contribute to explaining the 
stronger impact of the crisis on the U.S. securitization 
market.?® First, the distribution of collateral types is 
significantly different, with home-equity loans repre- 
senting a much larger—and growing—share of the 
U.S. market prior to the crisis (Chart 12). Traditionally 
having second lien status, home equity lines of credit 
were used more heavily in the United States to cash 
out on increasing home values (Lucas, Goodman, and 
Fabozzi 2006). The issuance of ABS backed by home 
equity loans—the largest category of ABS issuance in 
the United States prior to the crisis—disappeared 
amid the correction in the U.S. housing market. 
Second, the fundamentals of the underlying collateral 
were healthier in Canada. For example, delinquency 
rates on CMBS remain below 1 per cent in Canada, 
whereas U.S. delinquency rates have risen above 

8 per cent, owing to stress in the U.S. commercial real 
estate market (DBRS 2010). Delinquency rates on 
credit card ABS also remain much lower in Canada 
than in the United States. 


With the onset of the global credit crunch in 2008, 
U.S. issuance of ABS slowed considerably to levels 


25 For example, spreads on 3-year Schedule | bank credit card programs tightened to 
75 bps towards the end of 2009. Source: RBC Capital Markets. 

26 This article does not focus on issuance in short-term markets; however, it is important 
to mention that the crisis had a strong impact on the Canadian market for non-bank- 
sponsored ABCP. The majority of assets underlying the non-bank-sponsored ABCP 
conduits were CDOs. Trading in this market came to a halt in 2007, and the non-bank- 
sponsored ABCP was subsequently restructured into floating rate notes. The market 
for bank-sponsored ABCP, while more resilient, was also affected by the crisis, and 
the outstanding amount of ABCP has declined. For a discussion of the Canadian ABCP 
market, see Kamhi and Tuer (2007a, 2007b). 


Chart 12: U.S. ABS issuance 
By asset type 
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below those witnessed in the late 1990s. In October 
2008, the issuance of term ABS came to a complete 
halt, as spreads on the traditional ABS asset classes 
exploded. This lack of issuance and the sharp 
increase in spreads prompted the Federal Reserve to 
announce a US$200 billion Term Asset-Backed 
Securities Loan Facility (TALF) on 25 November 2008, 
to “help market participants meet the credit needs of 
households and small businesses by supporting the 
issuance of asset-backed securities (ABS).”?” The 
TALF offered non-recourse three- or five-year loans to 
investors, collateralized by certain types of ABS that 
were eligible for the program. Since the implementa- 
tion of the TALF, ABS spreads have retreated, and 
issuance has resumed, although less strongly than 
before the crisis. Initially accounting for about half of 
non-mortgage ABS issuance, the TALF was no longer 
being used extensively when it expired in 2010 (Sack 
2010). 


The financial crisis will undoubtedly 
have a long-lasting effect on 
securitization markets. 


The financial crisis will undoubtedly have a long- 
lasting effect on securitization markets, and future 
levels of issuance in these markets will depend on 
reducing the conflicts of interest in the securitization 
process, simplifying and standardizing securitization 


27 The TALF was tweaked several times, following the original announcement. See 
http://www.newyorkfed.org/markets/talf.html 
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structures, applying appropriate prudential regulation 
and accounting standards, and enhancing disclosure 
and transparency.” In addition, the elimination of 
certain withholding taxes on Canadian cross-border 
transactions on 1 January 2008 could help Canadian 
securitization markets by making it more economical 
to securitize a broader range of asset classes into the 
U.S. market (Kroft, McElheran, and Kelly 2008). 


Conclusion 


The period before the recent credit crunch was char- 
acterized by a dramatic increase in the issuance of 
several related debt-type asset classes, such as high- 
yield bonds, ABS, MBS, and CDOs. Despite double 
counting in these issuance figures (the assets under- 
lying CDOs include high-yield bonds, leveraged loans, 
MBS, ABS, and even other CDOs), this trend led to 
increased leverage in the U.S. economy in what is 
often referred to as the shadow banking sector. Since 
the credit crunch, issuance in almost all of the asset 
classes that had experienced substantial growth has 
declined dramatically to levels not seen in the past ten 
years. 


In Canada, the increase in securitization leading up to 
the crisis was less pronounced, but, nonetheless, 
ABS issuance was severely disrupted. Both Canada 
and the United States introduced programs to 
address these disruptions. Although the Canadian 
securitization market was dormant in the aftermath of 
the crisis, there have been signs of recovery in 2010. 


New trends have emerged in the wake of the crisis 
that will likely continue. For instance, Canadian banks 
began issuing covered bonds as a diversified funding 
source and potentially lower-cost alternative to other 
forms of financing. Issues were originally denominated 


28 See Hendry, Lavoie, and Wilkins (2010) and Selody and Woodman (2009). The Financial 


Stability Board is also looking at what actions could be taken to “encourage resumption 
of securitisation with genuine economic value” (FSB 2010). 
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in euros, but Canadian banks have recently issued 
covered bonds denominated in U.S. and Canadian 
dollars. Moreover, the federal government’s recent 
announcement that it will introduce legislation on 
covered bonds in Canada should also facilitate the 
continuance of covered bond issuance, given that the 
current outstanding covered bonds of Canadian 
banks are well below the 4 per cent of total bank 
assets allowed by banking regulation. 


After coming to a halt at the peak of the crisis, global 
issuance of high-yield debt rebounded to levels higher 
than those before the crisis as issuers extended the 
maturities of their issues. There will be an ongoing 
need for a high level of global high-yield issuance over 
the next five years simply to refinance upcoming 
maturities. For Canadian issuers of high-yield bonds, 
the profile of upcoming maturities is more benign. 
Nonetheless, there may be increased issuance, owing 
to the potential for conversions from income trusts. 
There have recently been several Canadian-dollar, 
high-yield issues, and several factors suggest that the 
Canadian high-yield market will continue to develop. 


Globally, financial corporations have increased their 
equity issuance to offset the losses and writedowns 
experienced since the crisis began and to build cap- 
ital in anticipation of more stringent regulatory require- 
ments. Canadian financial institutions experienced 
fewer losses and writedowns than those in other 
jurisdictions, however, and thus the rise in their equity 
issuance has been less marked. 


Overall, Canadian corporate issuance has fared rela- 
tively well in the wake of the crisis, given that 
Canadian issuers were in a relatively stronger position 
and did not employ innovative and riskier forms of 
financing to the same extent as issuers from other 
countries. However, while these trends have become 
apparent in the recent aftermath of the crisis, other 
repercussions of the financial crisis on issuance will 
likely emerge over time. 
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Renewal of the Inflation-Control Target: Background 
Information 


Annual Report 


A History of the Canadian Dollar 
James Powell (available at Can$8 plus GST and PST, where applicable) 
(2005) 


By All Accounts: Outside Perspectives on the Bank of Canada** 
A portrait of the Bank from the perspective of outside observers, 
showing how Canadians have perceived the performance of their central 
bank over the decades through the eyes of those who monitor its work 
on the public’s behalf. (2010) 


Beads to Bytes: Canada’s National Currency Collection** 

This volume explores the role of money in society through the lens of the 
National Currency Collection, an extraordinary repository of coins, bank 
notes, and related paraphernalia from around the world. (2008) 


More Than Money: Architecture and Art at the Bank of Canada** 
A tour of the head office complex, highlighting the architecture, interior 
design, and decoration, as well as elements of restoration and preserva- 
tion. It also features pieces from the Bank’s art collection. (2007) 


The Art and Design of Canadian Bank Notes** 
A journey behind the scenes to explore the demanding world of bank 
note design. (2006) 


The Bank of Canada: An Illustrated History** 
To celebrate the Bank’s 70th anniversary, this book depicts the history of 
the Bank from 1935. (2005) 


* Available only on the Bank’s website. 
** Each Can$25 plus shipping costs. Sample pages are available on the Bank’s website. 


The Transmission of Monetary Policy in Canada 
(1996, Can$20 plus GST and PST, where applicable) 
Available at <http://www.bankofcanada.ca/en/res/other/herm-98.htmI>. 


The Thiessen Lectures (January 2001) 
Lectures delivered by Gordon G. Thiessen, Governor of the Bank of 
Canada 1994 to 2001 


A Festschrift in Honour of David Dodge’s Contributions to 
Canadian Public Policy (2009) 

Bilingualism at the Bank of Canada (published annually) 

Planning an Evolution: The Story of the Canadian Payments 
Association, 1980-2002 

James F. Dingle (June 2003) 

Conference Proceedings 

Conference volumes published up to and including April 2005 are avail- 
able on the Bank’s website. Print copies can be purchased for Can$15 
plus GST and PST, where applicable. Papers and proceedings from Bank 
of Canada conferences, seminars, and workshops held after April 2005 
are now published exclusively on the Bank’s website. 


Technical Reports, Working Papers, and Discussion Papers* 
Technical Reports, Working Papers, and Discussion Papers are published 
in the original language only, with an abstract in both official languages. 


Discussion papers deal with finished work on technical issues related 
to the functions and policy-making of the Bank. They are of interest to 
specialists and other central bankers. 


For further information, including subscription prices, contact: 


Publications Distribution 

Communications Department 

Bank of Canada 

234 Wellington St. 

Ottawa, ON 

Canada K1A 0G9 

Telephone: 613 782-8248 

Toll free in North America: 1 877 782-8248 
Email address: publications@bankofcanada.ca 


BANK OF CANADA PUBLICATIONS (> - 
BANK OF CANADA REVIEW ® AUTUMN 2010 ) 
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Competition in the Canadian Mortgage 


Market 


Jason Allen, Financial Stability Department’ 


e The Canadian mortgage market has changed 
substantially in the past 20 years: trust companies 
have been taken over by banks; small virtual banks 
have offered new mortgage products; and brokers 
now play an important role in matching borrowers 
and lenders. 


e The changing structure and practices of the 
Canadian mortgage market have implications for 
competition authorities and for financial system 
regulation. 


e Recent research suggests that the rate paid for a 
mortgage depends on the borrower’s observable 
characteristics, as well as their local market. 
Unobserved bargaining ability also appears to play 
an important role. 


e Mortgage-rate discounting affects the speed and 
degree of pass-through from changes in the 
central bank’s key policy rate to mortgage rates. 
Research also suggests that bank mergers do not 
necessarily lead to mortgage-rate increases. 


eee ———_—$——— 


* | have benefited from discussions with and comments from lan Christensen, Robert Clark, 
Toni Gravelle, Darcey McVanel, Larry Schembri, and Mark Zelmer. 


t the end of 2010, the Canadian mortgage 
A market had grown to more than $1 trillion, 

representing almost 40 per cent of total out- 
standing private sector credit. The market is domin- 
ated by Canada’s six major banks, although this has 
not always been the case. Their most recent increase 
in market share coincides with changes to the Bank 
Act in 1992, which allowed chartered banks to enter 
the trust business. They did this largely through acqui- 
sition.’ Recent research at the Bank of Canada has 
analyzed the Canadian mortgage market in this con- 
text. The purpose of the research is to understand 
how the interaction of market structure, product dif- 
ferentiation, and information frictions determines rates 
in the Canadian mortgage market. This article sum- 
marizes the main findings. 


Understanding how rates are determined in the 
Canadian mortgage market is important for the cen- 
tral bank, competition authorities, and financial regu- 
lation. For example, the gap between posted rates 
and transaction rates should be taken into account 
when addressing some questions about the monetary 
policy transmission mechanism. Do financial institu- 
tions fully pass through changes in monetary policy 
rates to mortgage rates, and do they move equally 
fast from above and below equilibrium? Using posted 
rates, Allen and McVanel (2009) find that the answer to 
the first question is no and to the second, yes. But 
using transaction rates, they find that the answer to 
the first question is yes and to the second, no. 


The changing market structure of the mortgage 
industry has implications for competition, but the 
analysis is complicated because banks are vertically 
and horizontally differentiated. For example, the loca- 
tion of branches determines the cost of shopping for 
mortgages (horizontal differentiation), while the quality 
of complementary services affects the value of 


1 See Freedman (1998) for a discussion of the evolution of deregulation in Canada. 
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signing with a particular bank (vertical differentiation). 
If consumers differ in their preferences for these ser- 
vices, then changes in market structure can have 
welfare effects that are more complex than those 
typically assumed in merger analysis. 


Financial regulators should also take a keen interest in 
understanding how lenders price mortgages, espe- 
cially if mortgage-related instruments are to be 
included under the umbrella of “system-wide pruden- 
tial regulation.” For example, the effectiveness of 
changing the rules governing mortgage lending 
depends on how lenders and borrowers negotiate 
rates. The research summarized here shows that 
borrowers do not simply take the posted rate as given. 


This article first provides a brief examination of the 
Canadian mortgage market, focusing on the evolution 
of the market following legislative changes to the Bank 
Act in 1992. This is followed by an overview of the 
data, which is noteworthy in its own right because it is 
very detailed. Key research by the Bank of Canada on 
the Canadian mortgage market is then reviewed. 


The Canadian Mortgage Market 


Canada’s mortgage market is dominated by the “Big 
Six” Canadian banks: Bank of Montreal, Bank of Nova 
Scotia, Banque Nationale, Canadian Imperial Bank of 
Commerce, Royal Bank Financial Group, and TD 
Bank Financial Group. Together with a large regional 
co-operative network—the Desjardins Movement— 
and a provincially owned deposit-taking institution— 
Alberta’s ATB Financial—this group controls 90 per 
cent of the assets in the banking industry. Collectively, 
these institutions are called the “Big Eight.” Chart 1 
presents their market share of outstanding mort- 
gages, which grew from 60 per cent to 80 per cent 
between 1992 and 2004 (the period for which we have 
detailed data and conduct the majority of our analysis) 
as banks entered the trust business. They all offer the 
same types of mortgage products, as well as other 
products, such as credit cards, personal loans, and 
wealth-management advice. In fact, most Canadians 
treat their primary financial institution as a “one-stop 
shop” (universal bank) where they purchase the 
majority of their financial services. This article argues 
that this is one reason why Canadian banks compete 
so fiercely in the mortgage market: a lender has many 
opportunities for cross-product selling once a client is 
locked in with a mortgage.” In addition to the large 


2 Consumers are said to be “locked in” if they do not switch to a seller offering a lower price. 
This is because there are costs to switching sellers, in terms of financial costs and effort. 
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Chart 1: Market share of Canada’s major mortgage 
lenders 
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lenders, small foreign banks, including virtual banks, 
entered the Canadian market in the 1990s, offering 
new products to Canadians. 


The Canadian mortgage market is 

relatively simple and conservative, 

particularly when compared with 
its U.S. counterpart. 


Mortgage products 


The Canadian mortgage market is relatively simple 
and conservative, particularly when compared with its 
U.S. counterpart (Kiff 2009). Many Canadians sign 
five-year, fixed-rate mortgages that are rolled over 
with new five-year, fixed-rate contracts for the life of 
the mortgage—typically 25 years (the amortization 
period).* The rate is renegotiated every five years. The 
popularity of variable-rate mortgages has waxed and 
waned over time. In this case, the monthly payment is 
typically fixed, but the portion that is interest and not 
principal changes with fluctuations in interest rates. 
Longer-term mortgages, which are the norm in the 
United States, were phased out of Canada in the late 
1960s after lenders experienced difficulties with vola- 
tile interest rates and maturity mismatch. 


3 The percentage of mortgages with longer amortization periods has increased in recent 
years. In the sample period covered by the analysis (1992 to 2004), however, almost 
every mortgage was amortized over 25 years. 


Mortgage brokers 


Although the 1990s saw the large Canadian banks 
acquire nearly all of the country’s trust companies, 
there were a number of important developments in 
the mortgage industry that encouraged competition. 
For example, mortgage brokers became important 
participants in the lending process. Brokers typically 
earn between 1 and 1.3 per cent of the value of mort- 
gages that they bring to a lender, which could be 
anything from a small deposit-taking institution to a 
large bank. Chart 2 presents the share of trans- 
actions that were broker assisted over an eight-year 
sample period. The share increases from less than 
10 per cent to over 30 per cent between 1997 and 
2004.* This suggests that a large number of con- 
sumers sought the help of a broker when shopping for 
a mortgage. In addition to mortgage brokers, foreign 
competitors entered the Canadian banking market, 
although their market share remains small. 


Chart 2: Broker-assisted transactions 
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The Data: Mortgage Insurers 


The data used in this research are provided by the 
Canada Mortgage and Housing Corporation (CMHC) 
and Genworth Financial, Canada’s two mortgage 
insurers over the course of the sample period, which 
runs from 1992 to 2004 (consent for the Bank of 
Canada to access the data was provided by individual 
financial institutions). During this time, borrowers who 
contributed less than 25 per cent to the purchase 
price of a house were required to purchase mortgage 
insurance (today that number is 20 per cent). The 
majority of borrowers are insured by the CMHC, but 


4 Survey evidence from CAAMP post-2004 shows the market share of mortgage brokers 
reaching as high as 40 per cent in 2008, before falling to 35 per cent in 2009. 


Genworth has an important share of the market. In 
total, over 50 per cent of the mortgages on the bal- 
ance sheets of financial institutions are insured—a 
proportion that has been relatively stable over time. 
The insurers charge the lender a premium for insur- 
ance that protects the lender in case of borrower 
default. Typically, a lender will pass this cost on to the 
borrower. To assess a loan for mortgage insurance, 
CMHC and Genworth Financial collect detailed infor- 
mation on the borrower and the property—information 
related to the mortgage contract and to the borrower’s 
ability and history in managing their debts, including 
information on incomes and credit scores. Information 
related to the contract includes the interest rate nego- 
tiated between the lender and the borrower. The dif- 
ference between the contract rate and the posted rate 
is the discount. There is also information on house 
prices and loan amounts and, therefore, loan-to-value 
(LTV) ratios. Collectively, these data help the Bank to 
understand how mortgages rates are determined in 
Canada. 


Discounting 


Allen, Clark, and Houde (2011) are the first to use data 
at the individual level to document the use of mort- 
gage discounting in Canada. Discounting is a situation 
where sellers, in this case lenders, post one rate but 
are willing to negotiate a different rate. The practice 
began in earnest in the early 1990s and is considered 
the norm in today’s mortgage market. In its annual 
report on the state of the residential mortgage market, 
the Canadian Association of Accredited Mortgage 
Professionals (CAAMP) indicated that in 2009 the 
average consumer received a discount of 123 basis 
points on a five-year, fixed-rate mortgage. A natural 
question to ask might be why lenders post high rates 
if they are going to offer discounts to the majority of 
consumers. Allen, Clark, and Houde (2011) argue that 
over time lenders have improved their ability to price 
discriminate, that is, to offer discount rates to different 
sets of consumers based on their willingness to pay. 
Lenders can thus increase their profits through price 
discrimination instead of offering a blanket reduction 
in rates. 


The increased use and magnitude of 

discounting hides the fact that some 

types of borrowers experience gains 
while others are worse Off. 
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Chart 3: Evolution of mortgage rates in Canada 
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Chart 3 illustrates the evolution of discounting from 
1992 to 2004 for the five-year, fixed-rate mortgage. 
Over this period (and, according to survey data, beyond 
this period), discounting increased. However, the 
markup in the posted rate also rose, so that the 
average margin between the transaction rate and the 
five-year bond rate (which proxies the cost of funding) 
is relatively constant over time. Chart 4 shows the 
dispersion in the discounts over periods 1992-95 and 
2000-02. In both periods, different borrowers paid 
different rates, but more so in the latter period. 
Therefore, although the average consumer is as well 
off under a zero-discount environment as they are in a 
high-discount environment, the increased use and 
magnitude of discounting hides the fact that some 
types of borrowers experience gains while others are 
worse Off. 


Allen, Clark, and Houde (2011) examine factors that 
might explain differences in mortgage rates. The key 
variables considered are loan, borrower, and market 
characteristics. They also control for time trends and 
unobservable characteristics of the banks and neigh- 
bourhoods that do not change over time. Allen, Clark, 
and Houde find that over the period 1999 to 2004 
consumers living in less-competitive markets (high 
Branch HHI) pay higher rates than consumers living in 
competitive markets.* In addition, banks with large 
branch networks charge higher rates than banks with 
smaller branch networks. This could be because more 


5 HHI stands for Herfindahl-Hirschman Index. It is the sum of the square of the share of 
each bank's branches in a market. The result ranges from 0 to 1, where a low number 
indicates that the market is highly competitive, and a high number indicates that the 
market is not competitive. 


Chart 4: Dispersion of discounts on five year, 
fixed-rate mortgage 
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branches imply more market power. It could also 
imply that consumers prefer banks with an extensive 
branch network and are therefore willing to pay more 
to do business with such a bank. 


The results also indicate that, ceteris paribus, higher- 
income households pay higher rates, on average, than 
lower-income households. High-income households 
are likely less inclined to spend the time shopping for 
and negotiating a mortgage. Since information on the 
age of the borrowers was not available, proxies are 
used: previous homeowners are classified as the oldest 
category, current renters as the middle category, and 
mortgage applicants living with their parents as the 
youngest category. The results show that the youngest 
borrowers receive the largest rate discount. This is 
consistent with the larger literature on price discrimin- 
ation (e.g., Goldberg 1996) since banks, like most firms, 
try hard to attract new, younger customers because 
they can potentially lock them in for a long period. 
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With respect to LTV ratios, which are discussed in the 
Box on page 6, the authors find that borrowers who 
make the minimum down payment pay a rate pre- 
mium over those able to put more equity into the 
house. Borrowers with larger equity in their houses 
have better bargaining positions than borrowers with 
minimum equity. Lenders compete for these bor- 
rowers more fiercely not only because they are less 
risky, but also because they are more profitable. 
Borrowers with more equity in the house are more 
likely to be in a position to take advantage of the lend- 
er’s complementary services (Such as wealth man- 
agement or personal loans) than the most financially 
constrained borrowers and are thus more attractive to 
lenders. Lenders must therefore compete for this type 
of borrower by offering them larger discounts, while 
the most constrained borrowers pay a premium. 


The authors also find that borrowers with better credit 
scores receive larger discounts. Banks also offer 
larger discounts to new clients than to existing clients. 
Consumers willing to switch financial institutions when 
shopping for their mortgage will see, on average, an 
additional discount of 7 basis points from the posted 
rate. The results also indicate that borrowers who use a 
mortgage broker pay less, on average, than borrowers 
who negotiate with lenders directly. This average dis- 
count is about an additional 19 basis points. 


Finally, the authors find that a substantial amount of 
discounting cannot be explained by observable char- 
acteristics. The results are consistent, however, with 
a model of consumer heterogeneity in search and 
bargaining efforts/abilities, where the latter is unob- 
served. Borrowers who both search for and bargain 
more intensively with lenders can achieve larger 
discounts than other borrowers. 


Discounting and monetary policy 


Mortgage-rate discounting has implications for the 
transmission of monetary policy (Allen and McVanel 
2009). Central banks rely on assumptions about the 
rate of pass-through of changes in the Bank rate to 
lending rates because it affects how much they 
should raise or lower rates when macroeconomic 
conditions change. These assumptions are usually 
based on estimates using historical data—typically 
the average posted mortgage rates. Allen and 
McVanel show that ignoring Canadian mortgage- 
discounting practices leads to a significant underesti- 
mation of pass-through. That is, if discounts are not 
factored in, Canadian lenders appear to be extremely 
slow to pass on changes in the Bank Rate to their 
customers. As noted earlier, however, discounting is 


an integral part of lenders’ pricing strategies in 
Canada. Since discounting has increased over time, a 
downward bias potentially exists in previous meas- 
ures of pass-through. Taking into account the upward 
trend in discounting and using data from 1991 to 
2007, Allen and McVanel show that pass-through is 
indeed complete in the long run. 


If discounts are not factored in, 
Canadian lenders appear to be 
extremely slow to pass on changes in 
the Bank Rate to their customers. 


Once discounting is controlled for, however, the 
authors uncover another interesting facet of mortgage 
rates. They find that in the short, run five of the six 
largest Canadian banks adjust their rates upward 
more quickly when there are upward cost pressures 
than downward when costs fall. There are a few 
reasons why there might be an asymmetric price 
response to changes in input costs. First, if banks 
have some market power, there is scope for banks to 
coordinate implicitly or explicitly. If costs rise, then 
banks will all want to increase their prices. If costs fall, 
however, there is an incentive to wait before passing 
on the lower costs in the form of lower rates because 
all the banks can earn higher profits. Second, if 
search is costly, banks can maintain high rates even 
after their costs have fallen because it takes time for 
mortgage shoppers to realize that rates should have 
fallen. The difference between posted rates and trans- 
action rates in this market is further evidence that 
search costs are important. 


Mergers 


Most researchers that examine the effect of competi- 
tion on prices take the same approach as Allen, Clark, 
and Houde (2011). That is, they regress prices ona 
measure of concentration. This approach does not 
directly address the effects of competition on mortgage 
rates, however, but measures correlation. The positive 
correlation between mortgage rates and branch con- 
centration strongly suggests that rates are higher in 


6 This is in line with previous research on the U.S. mortgage market (Arbatskaya and 
Baye 2004) or the market for deposits (Hannan and Berger 1991). More generally, 
Peltzman (2000) finds asymmetric price adjustments in most consumer and producer 
prices that he examines. Anecdotally, the Bank of Montreal’s chief economist was 
quoted in The Globe and Mail (18 November 2009) as saying, “It’s a safe thing to say 
that [mortgage] interest rates tend to move higher a lot faster than they move lower.” 
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Loan-to-Value Ratios 


An LTV ratio is defined as the loan amount divided 
by the appraised value of the house at the time of 
the loan. Currently, mortgages with an LTV ratio 
below 80 are conventional mortgages that do not 
require mortgage insurance. Those with LTV 
ratios above 80 require insurance, which is pro- 
vided by CMHC or Genworth Financial. The max- 
imum allowable LTV ratio in Canada is 95 per 
cent. A borrower can therefore contribute 5 per 
cent of their own equity to borrow 95 per cent of 
the purchase price from a lender for the purpose 
of buying a house. Since the 2007 U.S. subprime- 
mortgage crisis, LTV ratios have become an 
important source of discussion as a potential tool 
for system-wide risk management (e.g., CGFS 
2010). Requiring borrowers to increase the 
amount of equity that they contribute when pur- 
chasing a house (é.g., lowering the maximum LTV 
ratio from 95 to 90), would likely have a damp- 
ening effect on house prices in the short-run. This 
is because in the short run fewer people would 
enter the housing market, and those who did 
would buy less-expensive houses." 


Chart A shows the LTV ratios of insured bor- 
rowers over two periods, 1992 to 1998 and 1998 
to 2003, that correspond to two different insur- 
ance-premium regimes. In both cases, the 
majority of households are clustered at LTV ratios 
of 90 and 95, suggesting that most insured bor- 
rowers are highly leveraged. Changes to the max- 
imum LTV ratio are thus likely to affect a large 
share of new insured mortgages. In 1998, the 
cost to the borrower of insuring a 95 LTV mort- 
gage relative to a 90 LTV mortgage increased by 
50 per cent. This led some borrowers to increase 
the equity portion of their mortgage, since the 
fraction of borrowers in the 95 LTV bin fell, and 
the fraction of borrowers in the 90 LTV bin 
increased. This suggests that, in addition to 
altering the LTV ratio, changes to mortgage- 
insurance premiums have the potential to influ- 
ence household decisions to take on increased 
leverage. 


1 Note that a quality-based house price index might actually increase if consum- 
ers drive up the value of low-quality houses, even though the value of more 
expensive houses is falling because of the policy. 
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Chart A: Loan to value ratio at time of issuance 
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less-competitive markets, but there might be some 
unobservable reason for the correlation. Another 
approach is to look at mergers to directly measure the 
effects of changes in local market competition on 
rates. In this section, we follow this strategy by exam- 
ining the impact of a merger between a bank anda 
trust company. 


In the 1990s, Canadian banks acquired virtually all of 
the existing trust companies, together with hundreds 
of their branches across the country.’ Consequently, 
these mergers and acquisitions created a discrete 
change in the structure of local banking markets. In 
particular, when two neighbouring branches merge 
because of a national acquisition, competition in the 
local market is immediately reduced, since banks 
begin internalizing the impact of their actions on each 
other’s profits. That is, branches that once competed 
stop doing so once the merger is announced.® 


Since most Canadian mortgage shoppers negotiate 
their contracts directly with local bankers, the poten- 
tial impact of a merger is determined by the number of 
available local bank branches. Therefore, the most 
direct approach is to study the impact on rates of 
removing lender options from the choice set of con- 
sumers.? The effect of this change in competition on 
rates is captured by comparing the rates paid by the 
consumers affected by the merger (“treated”) with 
those paid by a base group as follows: 


Ti, = 0, + O(N M,) + VON, + BX + Opank + En. O) 


where 7;, is the discount; N; is equal to 1 if household 
i has the merging institutions in its neighbourhood 
and 0 otherwise; M, indexes the merger and is there- 
fore equal to 1 post-merger and equal to O pre- 
merger; and Ao is the coefficient of interest, which 
captures the aggregate effect of the merger on prices. 


Table 1 summarizes the key results. From column (1) 
it is clear that overall the merger did not have a signifi- 
cant impact on rates. The coefficient is small, about 
1.6 basis points, and not statistically significant. In 


7  &Examples include TD-Central Guaranty Trust (1992), Royal Bank-Royal Trust (1993), 
BMO-Household Trust (1995), CIBC-FirstLine Trust (1995), Scotiabank-National Trust 
(1997), and TD-Canada Trust (2000). 

8 For an econometrician trying to identify the effects of competition on prices, these 
changes in competition can be viewed as exogenous to the local market conditions. 

9 The impact on rates of removing one bank option can be identified because not all 
consumers face the same bank options. Some consumers live in markets offering many 
bank choices, including the two merging banks, while others live in markets containing 
neither of the merging banks or only one of them. The last two groups of consumers 
are not affected by the merger and therefore constitute the base group. The first set 
of consumers (“treated”) is affected by the merger, since their shopping options are 
reduced post-merger 





Table 1: Effects of mergers on mortgage rates 
Equation (1) Equation (2) Equation (3) 
0.0161 0.0527+ 
(0.0107) (0.0180) 


Variables 


- 0.0342t 
(0.0108) 


Competing Fis 


+ Significant at 1 per cent 
Note: Standard errors are in parenthesis. 


addition to estimating equation (1), column (2) pre- 
sents estimates from the following regression, which 
allows for the effect of the merger to vary across 
different markets: 


VON BAG Onan eer 


where HHI, is the Herfindahl-Hirschman measure of 
branch concentration. 


Here we see that rates in the most competitive neigh- 
bourhoods fell after the merger, while they increased 
significantly in the most concentrated markets. 


Rates in the most competitive 
neighbourhoods fell after the merger, 
while they increased significantly in the 
most concentrated markets. 


The aggregate results can be explained once the 
merger effect is broken down into its two compon- 
ents: the direct effect, which is the rate impact on the 
set of consumers who banked with the merging insti- 
tutions pre- and post-merger, and the indirect effect, 
which is the rate impact on the set of consumers who 
banked with the merging institution’s competitors 
pre- and post- merger. The estimating equation is 
given by: 


Tit = Ae + LLOx(KN,M,) + ve(KNi)} + BX + (3) 
Onan Git, K= I{(AB, AB‘)}, 
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where K is an indicator variable for whether or not the 
lender is one of the merging institutions or one of its 
competitors. The coefficients of interest are 0%, since 
these capture the merger effects. 


The results suggest an interesting asymmetry. 
Consumers dealing with the merging bank saw a 
significant increase in rates post-merger— about 
8.5 basis points—while consumers dealing with the 
competition saw rate decreases, by approximately 
3.4 basis points. 


The results suggest at least two channels of influence 
from the merger. The asymmetric price responses 
could be explained by a quality increase. If the 
merged bank provides higher-quality service (e.g., a 
larger network of branches and ATM machines), then, 
ceteris paribus, it can charge higher rates and still 
attract customers, while its competitors must offer 
larger discounts. An alternative interpretation of the 
price results (perhaps complementarily) is that banks 
in neighbourhoods that experienced a merger might 
be attracting a different mix of consumers. For 
instance, by exerting a larger degree of price control, 
the new entity might be less likely to attract con- 
sumers willing to shop intensively for their mortgages. 
This would explain the result that rates are higher at 
the merging bank and lower at the competing banks. 


The asymmetric price effect of the merger suggests 
that the relationship between bankers and consumers 
is complicated. The merging banks are able to raise 
rates post-merger, extracting more from borrowers 
than pre-merger. Given that the mortgage is the lar- 
gest purchase for most households, the costs of the 
merger are not negligible. These borrowers value 
more than the price of the mortgage, however, 
because they have the option of paying a lower rate at 
a competing lender in the same neighbourhood. 
Competition agencies may want to consider this 
possibility in analyzing any future mergers. 
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Conclusion 


This article summarizes key research on the Canadian 
mortgage market currently being undertaken at the 
Bank of Canada in conjunction with external aca- 
demics. Overall, the findings are consistent with a 
model where consumers have different preferences 
and skills when shopping and bargaining for a mort- 
gage and where lenders maximize profits based on 
observing these preferences and skills. The results 
indicate that high-income borrowers pay more for 
their mortgages, as do loyal consumers, consumers 
who search less, and those that value large branch 
networks. Unobserved bargaining ability also appears 
to play an important role in determining mortgage 
rates. 


Results also suggest that mortgage-rate discounting 
affects the speed and amount of pass-through of 
changes in the central bank’s policy rate to mortgage 
rates. In particular, once discounting is taken into 
account, the major mortgage lenders in Canada are 
slower to cut rates than to increase them. This asym- 
metry has implications for monetary policy because it 
means that the actions of the central bank might need 
to be adjusted, depending on whether it is cutting or 
increasing interest rates. The reasons for the asym- 
metric responses of mortgage lenders should also be 
investigated. 


Finally, this research suggests that bank mergers can 
lead to asymmetric effects on mortgage rates. The 
merging parties, because of market power, can 
increase rates, while the competition actually 
decreases rates in order to attract consumers. This 
result is non-standard in the industrial-organization 
literature where both sets of lenders would typically 
increase prices because of market power. Given the 
preference of consumers for factors other than low 
rates (e.g., branch-network size), however, the com- 
petitors actually decrease rates, because post-merger 
they are relatively smaller than the merging entities in 
terms of their branch network. 


Together, these findings are important to the central 
bank and to competition authorities because of their 
impact on our understanding of the factors affecting 
competition and the monetary policy transmission 
mechanism. 
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Adverse Selection and Financial Crises 


Koralai Kirabaeva, Financial Markets Department 


e Adverse selection is an impediment to the efficient 
functioning of a market that arises when one of the 
parties to a transaction has more information than 
the other. In financial markets, adverse selection 
can lead to market freezes and liquidity hoarding, 
reflecting buyers’ beliefs that most securities 
offered for sale are of low quality. 


e Uncertainty about asset values, a flight to liquidity, 
and an underestimation of systemic risk can 
amplify the effect of adverse selection in a particu- 
lar market and propagate its impact to the entire 
financial system. 


¢ Government intervention can mitigate problems of 
adverse selection in financial markets. The effect- 
iveness of policy responses depends on the cause 
of a market freeze. 


main concerns of central banks: as the recent 

global financial crisis illustrates, financial system 
disruptions can trigger a sharp contraction in economic 
activity, impair the transmission of monetary policy, 
and undermine the efficient allocation of capital. 
Continuously open financial markets are one essential 
feature of a resilient financial system (Carney 2010a). 
In the recent crisis, trading in several financial markets 
was dramatically reduced or stopped completely, ' 
and those trades that did occur were executed at 
significant discounts. Such disruptions in market 
activity played a key role in transmitting and ampli- 
fying the financial crisis. The purpose of this article is 
to examine the role of adverse selection—a situation 
in which only low-quality products are available in the 
market because one party to a financial contract has 
better information than the other—in causing such 
market disruptions. 


T= stability of the financial system is one of the 


Information asymmetries such as adverse selection 
are the basis of the prevalent explanations for market 
freezes. If buyers cannot assess an asset’s quality, its 
market price will reflect the expected quality based on 
the quality of all the assets offered for sale in the 
market. This asymmetric information between buyers 
and sellers can generate adverse selection: as the 
price falls, sellers of high-quality assets withdraw from 
the market, leaving only low-quality assets (lemons) 
for sale. As a result, trading in the asset may diminish 
or halt altogether because buyers fear that if they 
transact they will be left with an overpriced asset 
(lemon). Moreover, such assets lose their ability to 
serve as collateral for other transactions, which contrib- 
utes to the credit crunch. Adverse selection played an 
important role in the financial crisis of 2007-09 and in 
earlier Crisis episodes. 


1 For example, markets for collateralized debt obligations, asset-backed commercial 
paper, and repurchase agreements. 

2 Inhis Nobel-prize-winning work, Akerlof (1970) uses the market for used cars as an 
example of adverse selection (when only bad cars—lemons— remain in the market) 
generated by asymmetric information about product quality between buyers and sellers. 
Since then, asymmetric information has been established as the potential cause of 
market breakdowns in many other cases. 
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This article explains how adverse selection in a 
particular market (such as the subprime-mortgage 
market) can lead to market freezes and liquidity 
hoarding and how it can be amplified into a severe 
crisis affecting many financial markets. Adverse selec- 
tion is usually present even under normal economic 
conditions, but it does not significantly affect market 
liquidity. When the economy is in a crisis, however, 
adverse selection may lead to significant losses when 
market trading halts. This article describes several 
mechanisms that can significantly increase the initial 
(small) effect of adverse selection and propagate it to 
the entire financial system. While the problem of 
adverse selection can be reduced by government 
intervention, the appropriate policy response depends 
on the cause of a particular market freeze. 


The article begins with a description of adverse selec- 
tion and the problems it can create in financial markets. 
This is followed by a brief overview of the role of 
adverse selection in the financial crises in emerging 
economies during the 1990s and how the resulting 
capital imbalances contributed to the recent crisis. 
The next section focuses on the evidence of adverse 
selection and amplification mechanisms in the financial 
crisis of 2007-09. Finally, possible policy responses 
and their effectiveness are discussed. 


Adverse Selection in Financial 
Markets 


Information imperfections, Such as asymmetric infor- 
mation, are important frictions in financial markets. 
Even in normal times, borrowers in credit markets 
often Know more than lenders about the quality of the 
collateral and the riskiness of their investments. If 
high- and low-risk borrowers are indistinguishable 
ex-ante, then high-risk borrowers benefit at the 
expense of low-risk borrowers. The resulting problem 
of adverse selection (when high-quality borrowers 
choose not to participate in the market) leads to 
higher interest rates and a decrease in lending. 


Adverse selection and financial instability 


There are several channels, such as an increase in 
interest rates, deterioration of financial institutions’ 
balance sheets, and maturity mismatch that can 
aggravate problems caused by adverse selection and 
lead to financial instability. 


In the presence of asymmetric information, a small 
increase in the interest rate can lead to a large reduc- 
tion in lending. A higher interest rate increases the 
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likelihood that high-quality borrowers will withdraw 
from the market, aggravating the problem of adverse 
selection. As a result, the average quality of the 
borrowers falls, which in turn raises the interest rate 
even further. If adverse selection is severe enough, 
the credit market may collapse (Mishkin 1990). 
Adverse selection may cause banks to impose credit 
rationing—putting quantitative limits on lending to 
some borrowers. By limiting the supply of loans, 
banks reduce the average default risk and therefore 
alleviate adverse-selection problems (Stiglitz and 
Weiss 1981). Another way to reduce adverse selection 
is to require collateral for the loan (Mishkin 1990). With 
collateral, even if the borrower defaults, the lender can 
recover losses by selling the collateral. Therefore, the 
asymmetric information about the borrower’s default 
probability becomes less important. 


In the presence of asymmetric informa- 
tion, a small increase in the interest rate 
can lead to a large reduction in lending. 


Many financial institutions tend to finance long-term 
investment with short-term debt. This maturity mis- 
match makes them vulnerable to economic shocks. 
Even a small shock may lead to a financial crisis, 
resulting in costly asset liquidation and a large decline 
in asset prices. If the financial system’s potential 
short-term obligations exceed the liquidation value of 
its assets, the entire financial system may collapse 
(Chang and Velasco 2001). For example, almost all of 
the emerging-market countries that experienced 
financial crises in the 1990s had the combination of 
large short-term liabilities and illiquid long-term 
assets. The maturity mismatch of financial institution’s 
balance sheets was also an important factor in the 
financial crisis of 2007-09 (Diamond and Rajan 2009; 


_ Brunnermeier 2009). 


Even if there is no maturity mismatch, shocks that 
Cause a deterioration in the balance sheets of finan- 
cial institutions make the problem of adverse selection 
more severe by increasing credit risk. A negative 
shock to balance sheets causes banks to liquidate 
their assets, which lowers asset prices and further 
deteriorates balance sheets. This, in turn, amplifies 
the initial shock and further aggravates adverse selec- 
tion (Brunnermeier 2009; Krishnamurthy 2010). This 
balance-sheet effect was an important factor in 
reinforcing and propagating adverse selection in most 
financial crises, including the crisis of 2007-09 and 
the earlier crises in emerging economies. 


Financial crises in emerging markets 


The causes of the recent financial crisis are similar to 
those underlying the financial crises in emerging 
economies in the late 1990s. Asymmetric information 
between domestic investors (borrowers) and foreign 
investors (lenders) can lead to adverse-selection 
problems in a country that finances its domestic 
investment and consumption through foreign debt or 
foreign equity.* These informational problems may 
exacerbate financial crises, resulting in large capital 
outflows and fire sales of domestic firms.* 


Countries that have experienced financial crises in the 
past tend to have larger demand for aggregate hold- 
ings of safe (liquid) assets, which provide a cushion if 
a crisis does occur (Kirabaeva 2010). On the other 
hand, countries with little experience of financial 
crises tend to have smaller aggregate holdings of safe 
liquid assets relative to illiquid, risky, long-term invest- 
ments. In these countries, when a financial crisis 
occurs, It is more severe and is more likely to be 
accompanied by market freezes. As a result, while 
capital flows into emerging-market countries are often 
volatile,° capital flows into the United States are more 
stable, driven by a search for safe instruments 
(Caballero and Krishnamurthy 2009). 


Caballero and Krishnamurthy argue that one of the 
key contributors to the recent financial crisis was a 
safe-assets imbalance.® A global excess demand from 
foreign investors and central banks, as well as from 
domestic financial institutions, for safe U.S. debt 
instruments led to low real interest rates. The shortage 
of such assets provided the U.S. financial system with 
the incentive to produce new highly rated (Safe) instru- 
ments, primarily by securitizing existing long-term, risky 
assets.’ These securitized assets became a source of 
systemic fragility. Indeed, Acharya and Schnabl (2010) 
find empirical evidence that the geography of the 


3 In Mexico in 1995, Russia in 1998, Brazil in 1999, and Argentina in 2001, the debt was 
owed mainly by governments; in Indonesia, Korea, and Thailand in 1997, it was owed 
primarily by private banks and firms. In all of these cases, the countries’ vulnerabilities 
were exacerbated by currency mismatches: since assets are typically denominated in 
the domestic currency while debt is denominated in a foreign currency, an unantici- 
pated depreciation or devaluation increases the value of debt. As a result, financial 
crises in emerging economies are usually accompanied by a currency crisis. 

4 Acharya, Shin, and Yorulmazer (2007) and Kirabaeva (2009) show how adverse selection 
can explain the fire sale of direct investments during liquidity crises. 

5 Capital flows that have equity-like features (e.g., foreign direct investment) are 
regarded as more stable and less prone to reversals, while debt flows, consisting of 
bank loans and bonds, are more volatile. Speculative and volatile capital flows are 
considered to be a source of global imbalances (massive and persistent current account 
deficits) and sudden stops (sudden reversals in net capital inflows). 

6 Caballero and Krishnamurthy and Schembri, Santor, and Epstein (2009) argue that 
global current account imbalances caused the safe-assets imbalances, since emerging 
markets had limited ability to produce safe assets. However, during the crisis, the 
United States did not experience the feared sudden reversal in net capital inflows. 

7 Securitization is the multi-stage process of turning cash flows from a pool of non- 
tradable (illiquid) assets into tradable debt instruments (Paligorova 2009). 


recent crisis was determined by global banking flows, 
particularly by a country’s exposure to the market for 
asset-backed securities. 


The Financial Crisis of 2007-09 


Adverse selection in the subprime-mortgage market led 
to market freezes and liquidity hoarding in the recent 
financial crisis. Increasing uncertainty about asset 
values, a flight to liquidity,? and an underestimation of 
systemic risk amplified the effect of adverse selection 
and propagated it to the entire financial system. 


Adverse selection in securities markets 
and systemic risk 


While banks have traditionally been the main providers 
of credit in the economy, the role of the “shadow” 
banking system in managing and diversifying risks 
has increased in recent years. The shadow banking 
system includes market-based financial institutions, 
such as investment banks, money-market mutual 
funds, and mortgage brokers. These institutions are 
the main players in securitization, which grew sub- 
stantially in the past decade (Adrian and Shin 2009). 


Securitization brought new information asymmetries 
to financial markets because the complexity of the 
instruments and their lack of transparency made it 
difficult for investors to evaluate securitized assets.® 
Structured products, such as collateralized debt obli- 
gations (CDOs), were created from diversified port- 
folios of mortgages and other types of assets, such 
as corporate bonds, credit cards, and auto loans. The 
pooled portfolios were sliced into different tranches 
that were prioritized based on how they would absorb 
losses from the underlying portfolio. The top tranches 
were constructed to receive a AAA rating. These 
tranches were the first to be paid out of the underlying 
cash flows and were widely considered to be safe, 
with a minimal risk of default. The most junior equity 
tranches (which became known as “toxic waste”) 
were the last to be paid (Gorton 2008a). 


Large holdings of securitized products increased the 
exposure of many financial institutions to systemic 
risk (i.e., the risk of market-wide instability such as 
market freezes) because of their skewed payoffs: they 
produced high returns in normal times but incurred 
substantial losses during the crisis. They were also 


8 A flight to liquidity occurs when investors sell what they perceive to be less-liquid or 
higher-risk investments and purchase more-liquid assets, such as U.S. Treasuries. 

9 Gorton (2008a) and Ashcraft and Schuermann (2008) provide a detailed description of 
the stages of securitization and how asymmetric information problems were created in 
the process. 
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considered liquid: financial institutions believed that if 
they needed cash, they could sell these securities at a 
fair market price, because they were perceived to be 
safe and likely to yield a steady stream of payments. 
In 2007, defaults on subprime mortgages increased, 
and a large fraction of CDOs were downgraded."® The 
impact of declining house prices on the securities 
depended on the composition of assets and mort- 
gages that backed them. The complexity of structured 
financial products and the heterogeneity of the under- 
lying asset pool gave their issuers an informational 
advantage in evaluating them."* Because of this 
asymmetric information, buyers did not know whether 
securities were being sold because of their low quality 
or because of the seller's sudden need for liquidity.** 


Securitization brought new infor- 
mation asymmetries to financial 
markets because the complexity 
of the instruments and their lack of 
transparency made it difficult for 
investors to evaluate securitized assets. 


The resulting adverse selection led to market freezes, 
reflecting buyers’ belief that most securities in the 
market were of low quality. For example, during the 
crisis, the demand for asset-backed securities (ABS) 
in the United States collapsed from over US$500 bil- 
lion in 2007 to US$20 billion in 2009 (Chart 1). The 
difficulty of evaluating these assets also resulted in a 
reduction in their ability to serve as collateral. Credit 
markets experienced considerable pressure: spreads 
widened significantly, and haircuts on collateral 
increased.** In particular, the haircut on ABS, which 
was 3 per cent to 5 per cent in August 2007, increased 
to 40 per cent to 50 per cent in August 2008 (Gorton 
and Metrick 2009). In Canada, the amount of asset- 
backed commercial paper outstanding fell from about 
$120 billion to about $30 billion."* 


10 For example, 27 of the 30 tranches of asset-backed CDOs underwritten by 
Merrill Lynch in 2007 were downgraded from a rating of AAA to “junk” (Coval, Jurek, 
and Stafford 2009). 

11 This problem was particularly pronounced for junior equity tranches, which were hard 
to value, since they were usually held by the issuing bank and were traded infrequently 
(Brunnermeier 2009) 

12 Drucker and Mayer (2008) find that underwriters of prime mortgage-backed securities 
appeared to exploit access to better information when trading in the secondary market. 
Elul (2009) also finds evidence of adverse selection in the prime mortgage market. 

13 A haircut is the percentage by which an asset's market value is reduced for the purpose 
of calculating the amount of overcollateralization of the repurchase agreement (Gorton 
and Metrick 2009) 

14 The reduction includes a $33 billion restructuring into long-term assets by the Montreal 
Accord (Hendry, Lavoie, and Wilkins 2010) 
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Chart 1: Demand for asset-backed securities 
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Market trading based on asymmetric information 
reduces the idiosyncratic risks of financial institutions, 
but it exacerbates systemic risk by increasing the 
likelihood of market freezes (Kirabaeva 2010). When 
the economy is in a normal state with strong funda- 
mentals, asymmetric information does not significantly 
affect asset values. If the market is liquid, informed 
investors can gain from trading on private information 
at the expense of liquidity traders. But increased risk 
sharing often leads to increased risk taking by financial 
institutions, which may result in significant losses 
during a Crisis when market trading halts. When the 
economy is subject to a negative shock, Such as a 
decline in house prices, the value of these securities 
may become more sensitive to asymmetric informa- 
tion, and the resulting problems of adverse selection 
can cause market illiquidity. This supports the argument 
that the problem in the recent crisis was not only the 
lack of transparency in securitization, but also the 


- sensitivity of the created securities to economic 


shocks (Holmstrom 2009; Stiglitz 2008). 


Amplification mechanisms 


How were the problems of adverse selection that 
Originated in the subprime-mortgage market amplified 
and propagated to other financial markets? The 
market for subprime mortgages was relatively small, 
comprising only about 25 per cent of the outstanding 
amount in the US$6 trillion mortgage-backed securities 
(MBS) market and about 30 per cent of total non- 
agency MBS issuance in the years before the crisis 
(Gorton 2008b). Direct losses from household defaults 


on subprime mortgages are estimated to be about 
US$500 billion, but the subprime crisis triggered losses 
in the U.S. stock market that reached US$8 trillion in 
October 2008 (Brunnermeier 2009).** 


In explaining the disproportionate effect of the 
subprime-mortgage crisis on the financial system, 
one can identify a number of amplification mechan- 
isms that can significantly increase the initial impact 
of adverse selection: an increase in uncertainty about 
asset values, a flight to liquidity, and a misassessment 
of systemic risk.*® Increasing uncertainty about asset 
values contributes to the decline in demand for these 
assets, while a flight to liquidity and an underestimation 
of systemic risk cause a shortage of liquid assets in 
the market. 


Uncertainty about asset values 


Rising defaults on subprime mortgages and a lack of 
historical evidence caused an increase in market 
uncertainty about the impact of economic shocks on 
the value of financial securities. Because of the com- 
plexity and opaqueness of securitization, the size and 
location of expected losses were not fully Known 
(Gorton 2008a). As the safest AAA subprime tranches 
experienced losses, investors started to question the 
valuation of all securitized products. This caused a 
dramatic increase in uncertainty and investor panic in 
all financial markets, not only in the subprime market 
(Caballero 2010). 


Unlike an increase in risk exposure, Knightian uncer- 
tainty’? may cause investors to make decisions based 
on the worst possible outcome. In this case, the beliefs 
of market participants about the extent of adverse 
selection become crucial: if they believe that there 
may be too many low-quality assets in the market, 
then trading breaks down (Kirabaeva 2010). 


The increase in uncertainty also made it harder to 
obtain accurate information about counterparty risk. 
As noted by Stiglitz (2008), “No bank knew what its 
own balance sheet looked like, let alone that of a bank 
to which it might lend.” If market participants are 
uncertain about the exposure of other participants to 
legacy assets, they disengage from trade, which leads 


15 According to an estimate by Bloomberg, cumulative reported losses across financial 
institutions from the second quarter of 2007 to the second quarter of 2009 were about 
$1 trillion. These losses are expected to reach US$2.8 trillion from 2007-10. 

16 Kirabaeva (2010) develops a theoretical model that illustrates how even a small amount 
of adverse selection in the asset market can lead to market freezes if it is accompanied 
by an increase in liquidity preferences, an underestimation of systemic risk, and uncer- 
tainty about the asset's value. 

17 Knightian uncertainty refers to events with unknown probabilities. It is named after 
Frank Knight (1885-1972), who distinguished risk (events with objectively or subject- 
ively known probabilities) and uncertainty (events where probabilities are unknown). 


to asset fire sales and possibly market collapse. 
Moreover, when financial institutions are lenders and 
borrowers (or buyers and sellers) at the same time, 
gridlock can occur if they fail to cancel out offsetting 
positions because of perceived counterparty risk 
(Brunnermeier 2009). 


If market participants are uncertain 
about the exposure of other participants 
to legacy assets, they disengage from 
trade, which leads to asset fire sales 
and possibly market collapse. 


Flight to liquidity 


The flight to liquidity that accompanies an initial eco- 
nomic shock can also amplify adverse selection into a 
severe financial crisis. The concept of liquidity can be 
divided into two categories: funding liquidity, the ease 
with which investors can obtain funding, and market 
liquidity, the ease with which an asset is traded 
(Brunnermeier and Pedersen 2009). 


The higher preference for liquid assets during a Crisis 
can be viewed as precautionary liquidity hoarding 
because of a tightening in funding liquidity. A higher 
preference for liquidity may alleviate the problem of 
adverse selection, since assets are more likely to be 
sold because the seller needs to raise liquidity rather 
than because of an asset’s low quality. Nevertheless, 
a higher demand for liquid assets also implies a lower 
demand for illiquid assets. If the demand for illiquid 
assets is sufficiently low, then the asset’s price will be 
determined by the liquidity available in the market 
rather than by the expected return on the asset (Allen 
and Gale 2004). Hence, an increase in liquidity prefer- 
ence can lead to fire-sale pricing and possibly to a 
market freeze. 


Banks were exposed to market-liquidity risk through 
the maturity mismatch of their balance sheets: they 
financed long-term asset holdings with shorter-maturity 
debt. Because of the losses on their assets, some 
banks became undercapitalized; however, their 
attempts to recapitalize pushed the market price down 
further.’® Such deleveraging can further aggravate 
adverse selection by lowering the average quality of 


18 Brunnermeier and Pedersen (2009) explain this phenomenon, using a “loss spiral” and 
a “margin spiral.” A “loss spiral” arises when a decline in the value of the assets of a 
leveraged financial institution erodes its capital and therefore limits its ability to borrow. 
The “margin spiral” reinforces the loss spiral: the financial institution has to sell even 
more assets to reduce its leverage ratio. 
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the assets in the market. As margins and haircuts 
increase, lenders become more selective in their 
choice of collateral, which further contributes to the 
credit crunch.'? 


Market beliefs about systemic risk 


During the recent crisis, market participants under- 
estimated systemic risk, which exacerbated the 
impact of adverse selection in financial markets. They 
underestimated the extent to which these risks were 
correlated and overestimated the benefits of diversifi- 
cation. The structured securities rated AAA (even if 
correctly rated) were riskier than similarly rated stand- 
alone bonds, since the correlation between these 
securities and a systemic event was much higher 
(Coval, Jurek, and Stafford 2009). Overly optimistic 
ratings from credit-rating agencies further contributed 
to the underestimation of systemic risk (Gorton 2008a).?° 


During the recent crisis, market 
participants underestimated systemic 
risk, which exacerbated the impact of 
adverse selection in financial markets. 


Kirabaeva (2010) shows that adverse selection is likely 
to increase the severity of a crisis if systemic risk is 
underestimated. If crises are (or are believed to be) 
rare events, then financial institutions may not hold 
enough safe liquid assets to cushion the impact of a 
systemic shock when it occurs. Thus, an underestima- 
tion of systemic risk contributes to liquidity shortages, 
which can cause market freezes in the same way as a 
flight to liquidity. 


19 Even financial institutions that were not exposed to maturity mismatch (such as life 
insurance companies and pension funds) were affected by declining asset prices. 
For example, changes in accounting standards have led to growing use of fair value 
accounting. As a result, the decline in asset prices reduced the value of assets on 
financial institutions’ balance sheets and, hence, increased concerns about their 
capitalization and their ability to meet regulatory standards. 

20 One reason that the default risks of the underlying securities were underestimated 
is that the statistical models used were based on historically low rates of mortgage 
default and delinquency. Another factor was the potential conflict of interest: invest- 
ment banks (arrangers) paid the rating agencies to rate the securities that they created. 
Banks were able to choose the most favourable rating, since the rating agencies were 
consulted at the design stage about the requirements for a desired rating level. 
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Policy Implications 
Market inefficiency 


Financial markets are efficient if market prices already 
reflect all known information.”* If there are information 
imperfections, however, a market equilibrium is not 
efficient, which implies that government policy could 
improve market efficiency. 


In particular, the investment allocation is not efficient 
when financial markets are subject to two frictions: 
asymmetric information about exposure to systemic 
risk, and liquidity risk because of maturity mismatch 
(Kirabaeva 2010). In a market equilibrium, financial 
institutions overinvest in risky, illiquid assets (relative 
to efficient allocation), which potentially increases the 
severity of a crisis. Since asymmetric information 
reduces idiosyncratic risks, financial institutions invest 
more in risky assets. They do not take into account the 
effect of their investment choices on market liquidity, 
however, thereby creating systemic externalities. 
Because of adverse selection, more assets are 
offered for sale, particularly, more low-quality assets. 
Absorbing this asset trading requires more market 
liquidity. The systemic externalities provide a rationale 
for government intervention to alleviate a crisis and 
ex-ante regulation targeted to prevent market freezes. 


The systemic externalities provide a 
rationale for government intervention to 
alleviate a crisis and ex-ante regulation 

targeted to prevent market freezes. 


Policy responses during a crisis 


The effectiveness of policy responses during crises 
depends on the cause of the market distortions. 
Kirabaeva (2010) demonstrates that if market freezes 
are caused by a shortage of liquid assets because of 
a flight to liquidity and an underestimation of systemic 
risk, then the provision of liquidity through open 
market operations can restore asset trading. However, 
if the breakdown of trade is the result of a large frac- 
tion of low-quality assets in the market or uncertainty 
about it, then liquidity provision is not efficient and 
leads to further liquidity hoarding.?? In this case, it is 


21 Bauer (2004) describes different concepts of market efficiency and its importance for 
policy-makers. 

22 Bernanke (2008) notes that traditional liquidity provision was inadequate for addressing 
the strains in short-term funding markets. For example, despite massive liquidity injec- 
tions by the Federal Reserve, many over-the-counter markets continued to experience 
liquidity problems. 


more effective to purchase legacy assets. Removing 
such assets from the market reduces adverse selection 
and uncertainty. 


Troubled assets can also be removed by the direct 
injection of liquidity into financial institutions?* and the 
creation of a “bad bank” (a closed-end fund to hold 
the toxic assets).2* Governments can also introduce 
loan guarantees that reduce counterparty risks.?° 
Even a government announcement about intended 
asset purchases at a later date can cause markets to 
function again (Chiu and Koeppl 2010). 


During the recent crisis, central banks in advanced 
economies intervened on an unprecedented scale. 
Central banks typically provide liquidity in times of 
Crisis through open market operations. As interest 
rates started to approach the zero bound, however, 
some central banks used unconventional measures, 
such as providing banks with liquidity on extraordinary 
terms and at longer maturities and intervening in 
selected credit markets to support liquidity in sec- 
ondary markets (Hannoun 2010). Chart 2 illustrates 
the total liquidity extended in advanced economies 
relative to GDP. As a result, central banks’ balance 
sheets expanded significantly (Chart 3). For example, 
the Federal Reserve’s balance sheet exceeded 15 per 
cent of GDP in 2009, compared with 6 per cent of 
GDP in 2007 and 2008 (IMF International Financial 
Statistics). The Bank of Canada intervened to provide 
liquidity to financial institutions. It used traditional 
liquidity tools, such as the overnight rate, and 
developed new liquidity tools that included term 
purchase and resale agreements and a term loan 
facility (Zorn, Wilkins, and Engert 2009). 


Government intervention during crises may create a 
moral hazard problem: if market participants antici- 
pate such interventions, then their optimal holdings of 
risky assets are larger. Government bailouts (debt 
guarantees) can be inevitable during crises, and asa 
result, they lead to the inefficient allocation of capital 
towards risky investments.?® The pre-emptive policy 


23 This is consistent with arguments about the effectiveness of the Troubled Asset 
Relief Program (TARP). TARP was originally established to buy “troubled assets” from 
financial institutions in order to restore their financial solvency. Ultimately, the funds 
(US$700 billion) were used for direct capital injections into financial institutions and for 
other purposes. 

24 Holders of problematic (“toxic”) assets sell them to the bank, which finances their 
purchase by issuing shares that entitle the owners to the cash flows generated by these 
securities. This helps banks improve their balance sheets and therefore their ability 
to raise private capital, since the toxic assets will no longer be a concern for lenders. 
One problem with this proposal is that bad assets cannot be removed from good banks 
without someone (i.e., the government) taking over the liabilities. 

25 For example, Philippon and Skreta (2010) show that government guarantees of new 
debt issuance are preferable to injections of equity and asset buybacks. 

26 Selody and Wilkins (2010) describe the principles established to mitigate the moral 
hazard that might have been associated with the Bank of Canada’s extraordinary 
liquidity interventions. 








Chart 2: Total extension of public sector liquidity 
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Chart 3: Central bank balance sheets 
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response Is an ex-ante requirement for larger holdings 
of safe assets (e.g., capital requirements), which offsets 
systemic externalities and reduces the probability of 
market breakdowns during crises (Kirabaeva 2010). 
Raising the quantity and quality of the capital base, as 
well as improving balance sheet liquidity, are important 
regulatory requirements for strengthening the resiliency 
of financial institutions. The Bank of Canada also 
supports the idea of “contingent capital,”?” which can 
reduce moral hazard and increase the efficiency of 
capital allocation (Carney 2010b). 


27 Contingent capital allows a financial institution to convert debt instruments into equity 
when it needs to raise capital. 
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Concluding Remarks 


The recent financial crisis has highlighted the import- 
ance of adverse selection as a contributing factor to 
financial market instability. Asymmetric information 
and adverse selection may prevent financial markets 
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Payment Networks: A Review of 


Recent Research 


James Chapman, Lana Embree, and Tom Roberts, Financial Stability Department; Nellie Zhang, Funds 


Management and Banking 


e Network analysis offers a new approach to under- 
standing the complex relationships among par- 
ticipants in Canada’s Large Value Transfer System 
(LVTS), the main system used for clearing and 
settling transactions between financial institutions. 


e Network analysis can help payments-system 
supervisors to better understand the importance of 
individual participants in the system and the con- 
nections between them. 


e Research using network analysis that takes ac- 
count of the intensity of transactions between 
groups of LVTS participants suggests that there 
are two communities of participants in the LVTS: 
one consisting of the five major banks and an- 
other consisting of some smaller, more regionally 
focused participants that interact closely with one 
another. 


stable and efficient financial system is a critical 
A encore of a well-functioning economy. It 

intermediates the flow of funds between savers 
and borrowers, and it helps to allocate risk to those 
best able to manage it. In assessing the risks and 
vulnerabilities of the financial system as a whole, it is 
important to understand the relationships among 
financial institutions, markets, and infrastructure (e.g., 
trading links, risk exposures, and payment 
relationships). 


One of the central pieces of infrastructure in a well- 
developed financial system is its large-value or whole- 
sale payments system used to process payments 
between financial institutions. Financial Institutions 
(Fls) transfer significant dollar amounts through these 
systems, as they process payments among them- 
selves on behalf of their clients. Canada’s wholesale 
payments system—the Large Value Transfer System 
(LVTS)—is a systemically important payments system. 
The rules and risk controls of this system insure that 
as payments pass the system’s risk controls 
throughout the day, they are final and irrevocable.’ 
The LVTS is a key infrastructure in the financial system 
because LVTS payments are used to complete 
important business transactions and to settle 
Canadian-dollar obligations arising from securities 
and foreign exchange transactions. Every business 
day, the LVTS successfully completes thousands of 
transactions worth billions of dollars. In 2008, the 
wholesale payments systems of the G-10 countries 
processed a total value of payments that was 

62.2 times their GDP, on average; for Canada, this 
ratio was 28.7 times (BIS 2009).* Given the central role 


1 Arjani and McVanel (2006) provide an overview of the structure of the LVTS and its 
relationship to the Canadian financial system. 

2 Apossible explanation for Canada’s lower ratio of payments to GDP is that some large 
participants in the LVTS settle a significant amount of payments between clients across 
their own books, rather than with another participant through the LVTS. 
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of wholesale systems and the large volume of trans- 
actions settled through them, financial-stability policy 
making and oversight of systemically important infra- 
structure, in particular, can benefit from under- 
standing the relationships that exist between 
participants in these systems. 


A wholesale payments system, such as the LVTS, can 
be thought of as a complex network in which the 
relationships between its member Fls can be mod- 
elled using the tools of network analysis. Network 
analysis is an interdisciplinary field that has developed 
in the past decade (Vega-Redondo 2007). It examines 
the bilateral relationships in a given system of partici- 
pants and then considers the overall effect that a 
given pattern of bilateral relationships can have on the 
system as a whole. The application of network 
analysis is relatively new to financial economics. 


In this article, we review work done at the Bank of 
Canada and at other central banks that applies net- 
work analysis to data on payments systems.* These 
techniques give us a new approach to analyzing the 
systemic risks inherent in payments systems. Known 
as payment networks, this branch of network analysis 
focuses on payments systems and draws on tech- 
niques from monetary economics. 


Modelling Payments Systems 
as Networks 


Given its oversight responsibilities for designated 
payment, clearing, and settlement systems under the 
Payment, Clearing and Settlement Act (PCSA), the 
Bank of Canada has a strong interest in better under- 
standing the behaviour of the LVTS and ensuring that 
it is well risk-proofed. A network approach provides a 
framework for understanding the complex interrela- 
tionships between participants in a payments system 
in a way that complements conventional economic 
modelling. 


The payment-network approach to modelling is typ- 
ically implemented as follows: a payments system is 
simplified into a set of nodes, where each node repre- 
sents a participant in the system (€.g., a bank). The 
nodes form a network by being linked to each other 
according to key financial relationships. For example, 
the network approach could be used to model pay- 
ments, securities trades, loans, or credit limits. The 


3 Arelated body of research takes a network approach to analyze the balance-sheet 
exposures of banks. See for example (Gauthier, Lehar, and Souissi 2010) or (Gauthier, 
He, and Souissi 2010) 
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links that are modelled will depend on both the data 
available and the questions being addressed. Two 
possible areas of interest involve understanding how 
financial shocks or problems can spread from one 
institution to others (financial contagion) and meas- 
uring the systemic importance of different participants. 


By identifying and studying the links 
between participating institutions, 
researchers can better understand 
whether the interconnected nature 

of payments-system participants 
increases or reduces the resiliency 
of the system to shocks. 


Financial contagion can be better understood by 
examining how participants are connected as a net- 
work, because the links studied in network analysis 
can present avenues through which financial shocks 
could spread to other institutions. However, when 
applying network analysis, consideration must be 
given to the nature of the links being studied. For 
example, although some links can provide channels 
through which financial disruptions could spread 
among LVTS participants, other links can promote 
resiliency by dispersing risk among participants. By 
identifying and studying the links between partici- 
pating institutions, researchers can better understand 
whether the interconnected nature of payments- 
system participants increases or reduces the resili- 
ency of the system to shocks. This framework allows 
the overseer of the system to appropriately monitor or 
mitigate any potential risks. 


Network analysis allows us to examine how participants 
are linked to one another. A network may be quite 
simple, where each institution transacts with only a few 
others and knows the risk exposures of its counter- 
parties. It could, however, be quite complex, where the 
number and size of each institution’s counterparties 
varies greatly. The complexity of the network itself can 
contribute to increased uncertainty (Haldane 2009; 
Caballero and Simsek 2010). For example, complexity 
can be a factor in market disruption because partici- 
pants are uncertain regarding their counterparties’ 
exposures to a troubled institution. A better under- 
standing of the network of relationships (links) can help 
to reduce uncertainty in stress scenarios. 


Network analysis can also provide an alternative 
approach to assessing the systemic importance of 
particular participants in a payments system by identi- 
fying participants that might have a large impact on a 
system if they default or have some type of liquidity 
problem. This approach is useful, given that the effects 
on the payments system of operational, credit, or 
liquidity events at one participant would be a function 
of both the participant’s size and its interconnected- 
ness. Interconnectedness depends on the breadth and 
intensity of a participant’s financial relations with other 
members of the payments system. A participant could 
be considered highly connected, and therefore 
important to the system, if it transacts with many par- 
ticipants or if its transactions represent large values 
(possibly with few participants). Network analysis can 
help to provide a more complete picture—beyond 
simple measures of value and volume of transactions— 
of a participant’s role and importance in a system. 


In summary, the network approach to payments sys- 
tems provides a new conceptual framework to assess 
their vulnerabilities and risks. Research in this area, as 
well as the resulting tools, can complement existing 
approaches of conventional economic modelling or 
Statistics. 


Recent Research 


Research into payments-system networks can be 
divided into two broad categories. The first category, 
network topology, seeks to describe the key features 
of a typical payment network. The second category, 
network characteristics, seeks to use these features, 
along with economic theory, to help uncover previ- 
ously unknown and potentially important insights 
about the payment network. 


Network topology of the LVTS 


The way in which a payment network is measured and 
understood is through its topology, which is the pat- 
tern (or layout) of the links between nodes. The top- 
ology of the network characterizes the structure and 
functions of complex networks and can assist in 
understanding how the structure of a network influ- 
ences its stability, resiliency, and efficiency in the face 
of a disruption. 


The seminal study of payment-network topologies is 
by Soramaki et al. (2007). In their paper, the authors 
describe the payment network composed of nodes 
that represent members of the Fedwire Funds 
Service, the wholesale system at the centre of the 
U.S. financial system, operated by the Federal 


Reserve, and links that represent the existence of a 
payment between two members. They show that this 
network displays the classical features of a complex 
network; that is, the number of links that originate with 
a given node follows a power-law distribution, where 
the network has a few nodes with many links and a 
large number of nodes with few links.* This hub-and- 
spoke-like structure of the network implies that the 
Fedwire system is resilient to a random outage but 
may be vulnerable to a shock that affects a strongly 
connected node. 


Embree and Roberts (2009) provide a characterization 
of Canada’s LVTS using a network-topology approach 
similar to that of Soramaki et al. They find that the 
LVTS is, in general, a highly connected network, with 
a small number of large participants at the centre. The 
finding that a small group of participants form the hub 
of a payments system is common to the network 
analyses of wholesale systems in many other coun- 
tries. This structure can be seen in Chart 1, where 
nodes represent the 14 LVTS members, and links 
represent average daily payment flows during 2008. 

A discernibly small number of these banks are more 
strongly connected than other participants. 


Chart 1: Average daily gross payment flows in 
the LVTS, 2008 
Can$ billions 








ae 10 


Source: Bank of Canada 


Examination of how this tendency towards centraliza- 
tion in a hub evolves within an average day reveals 
that it is typically higher at the beginning and the end 
of the day than during the rest of the day. This sug- 
gests that during these two periods, certain partici- 
pants may play a more significant role in the payment 
network than at other times of day. 


4 A power-law distribution is a probability distribution that exhibits scale invariance: for a 
given ratio of two values in the distribution, the relative frequency of encountering the 
two values does not change. For example, with a power-law exponent of 2, a node of 
degree 6 is four times less frequent than a node of degree 3: a node of degree 10 is four 
times less frequent than a node of degree 5. Many man-made and natural phenomena 
exhibit this property (e.g., the ranking of cities by population). 
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Characteristics revealed by the network 
structure of the LVTS 


In addition to the work that characterizes the network 
topology of payments systems, a second fruitful 
avenue of research involves exploring the structure of 
the payment network to uncover characteristics that 
would not be apparent from simply focusing on the 
behaviour of an individual member of the payments 
system. Such characteristics may include identifying 
Key participants for circulating liquidity in the system, 
as well as participants that are important for subgroups 
of system participants. This type of study depends on 
intimate Knowledge of the institutional features of the 
payments system. Because of these information 
requirements and the recent development of this field, 
there are only a handful of published studies that fit into 
this category. These include two empirical Bank of 
Canada studies that use certain readily observable 
transaction linkages among the direct participants in 
the LVTS to uncover important payment behaviours 
and relationships that are hard to see by examining the 
behaviour of each participating FI in isolation. 


In the first study, Bech, Chapman, and Garratt (2010) 
examine the implicit network structure defined by the 
bilateral credit limits (BCLs) among participants. They 
then develop a method of determining which partici- 
pant is likely to hold the most liquidity at any point in 
time during the payment cycle.* The authors charac- 
terize this participant as being “central” to the system. 
A central participant plays an important role in ensuring 
that liquidity flows through the system and therefore 
that payment activity continues to function smoothly. 
This has important policy implications, since a well- 
functioning payments system requires that liquidity 
flow between participants in a timely manner to ensure 
prompt execution of payments across the system’s 
participants, as well as their customers. 


Chart 2 shows the relation between the initial and the 
average distribution of liquidity for all participants on all 
dates. Each point on the chart represents the initial and 
average share of an individual’s liquidity on a given day 
in the sample. Points above the 45-degree line repre- 
sent participants that held more liquidity throughout the 
day than at the beginning of the day; points below the 
45-degree line are participants that held less liquidity 
during the day than at the beginning of the day. Since 
the majority of points do not lie on the 45-degree line, 
we can see that the distribution of liquidity throughout 
the day does not match the initial allocation. This is an 
important point, since a participant outage during the 


5 A measure of liquidity in the LVTS is defined in the Box on page 16 
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Chart 2: Initial versus average liquidity holdings 


Average liquidity 
holdings 
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day can lead to difficulties for the system if that partici- 
pant holds a large amount of system liquidity (McPhail 
and Senger 2002). 


Bech, Chapman, and Garratt go on to investigate the 
intraday dynamics of liquidity in the LVTS. Using 
empirical methods based on Markov chain theory, 
they estimate the unobservable payment speeds of 
LVTS participants by calculating an expected average 
distribution of liquidity (known as a “stationary distri- 
bution”). Their estimated payment speeds are 
obtained as follows. Given the model, Markov chain 
theory implies that for a given a set of payment 
speeds there is a unique stationary distribution. 

The authors then estimate the payment speeds by 
matching the stationary distribution to the observed 
average distribution of liquidity in the model. 


Their results show that there is a large degree of 
heterogeneity in payment speeds. In the most extreme 
case, one participant can be six times quicker in pro- 
cessing outgoing payments than another. 


As illustrated by Chart 3, when the speed of payment 
processing is taken into account, the stationary distri- 
bution of liquidity holdings in the LVTS shows a closer 
match with the participants’ average liquidity holdings. 
Chart 3 is similar to Chart 2, with the exception that 
the horizontal axis now contains the expected sta- 
tionary distribution instead of the historical initial 
distribution, and the liquidity holdings of individual 
participants (both average and stationary) are segre- 
gated by colour to show that there is a clear ranking 
of the amount of average liquidity held among 
participants.® 


6 Each colour represents all the daily observations of average and stationary liquidity for 
a given bank in the LVTS. 


Chart 3: Stationary versus average liquidity holdings 
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In the second Bank of Canada study, Chapman and 
Zhang (2010) use the network aspects of LVTS trans- 
actions data to examine various degrees of inter- 
connectedness among the system’s direct 
participants.’ The researchers examine whether LVTS 
participants send payments to all other LVTS partici- 
pants equally, or whether they form clusters of trans- 
action relationships and then send relatively more 
payments to members of the same cluster. Knowledge 
of this partition can help to identify groups or clusters 
of closely connected participants. Identifying these 
clusters or partitions is important to understanding 
the impact of a participant outage on the entire system. 


Identifying these clusters or partitions is 
important to understanding 
the impact of a participant outage on 
the entire system. 


Chapman and Zhang use the model derived by Copié, 
Jackson, and Kirman (2009) to estimate the most 
probable partitions of participants. This model uses 
the concept of “community” and assumes that par- 
ticipants that are members of the same community 
transact with each other relatively more intensely than 
with participants outside the community. 


To measure this relative intensity, the model requires a 
measure of transaction intensity among LVTS partici- 
pants, as well as a pair-wise maximum level of inten- 
sity (or capacity). These maximums are constructed 
for every combination of participants to serve as a 


7 Direct participants are the financial institutions that are members of the LVTS. 


benchmark for comparison with the actual observed 
payment flow. Chapman and Zhang use two meas- 
ures of transaction intensity: (i) a “liquidity” measure 
that compares the average daily total value of pay- 
ments sent from one participant to another against an 
estimate of the cyclical maximum liquidity available to 
the payment sender,® and (ii) an “averages” measure 
that compares a payment sender’s outflow of bilateral 
transactions with its multilateral average.® This last 
measure effectively takes into account the fact that 
LVTS participants differ by orders of magnitude in the 
amount of payments they make. 


Using these two measures, the authors find that the 
most likely partition of the LVTS network includes two 
larger communities that seem to be based on both 
transactions amount and geographic location. One 
community consists of the five major Canadian banks; 
the other is a smaller community of financial institu- 
tions that are more regionally focused and based in 
Montréal. These two communities are not easily dis- 
cernible if one looks only at simpler metrics, such as 
bilateral payment flows. Uncovering such a network 
structure can have useful policy implications. For 
example, identifying clusters can contribute to a 
better understanding of the potential impact of prob- 
lems experienced by a key member of a community, 
even if they are not one of the largest participants in 
the system. 


Benefits and Limitations 


Work on network centrality and clustering could be 
useful in helping to assess a participant’s systemic 
importance in payments systems and in the financial 
system more generally. The simulated system-wide 
effect of removing a bank or combination of banks 
further illustrates this potential network aspect of a 
disruption. Even though the exact consequences of 
any particular bank failure are unknown in advance, 
the presence of significant network linkages between 
banks could exacerbate the problem. In these cases, 
a relative ranking of banks’ centrality in the payments 
system could help prioritize the policy responses of 
financial regulators in the event of any future financial 
crisis. 


Empirical research on the structure of financial sys- 
tems suffers from a scarcity of data. Whereas 


8 It is estimated as the sum of the maximum amount of daily gross payment receipts and 
the maximum bilateral credit limit granted to the payment sender. 

Q Under the “averages” measure, the observed interaction among pairs of participants is 
defined to be the number of days on which one participant's payment flow to the other 
exceeds the average payment flow to all system members. 





PAYMENT NETWORKS: A REVIEW OF RECENT RESEARCH i= 
BANK OF CANADA REVIEW ® WINTER 2010-2011 piste 


Defining Liquidity in the LVTS 


Bech, Chapman, and Garratt (2010) focus on the 
Tranche 2 payment stream in the LVTS.* They study 
Tranche 2 for two reasons. First, the majority of 
payments are executed in this Tranche of the 
LVTS.? Second, in Tranche 2, the amount and size 
of payments between any two pairs of participants 
are restricted by mutually agreed upon Bilateral 
Credit Limits (BCLs), as well as a multilateral Net 
Debit Cap for all Tranche 2 payments, known as 
T2NDC. A participant’s T2NDC is a function of the 
BCLs granted to that participant.* These BCLs are 
backed by collateral posted by the system 
participants. 


The usual definition of liquidity is the ability to make 
a trade or payment promptly. The authors therefore 
define the liquidity available to a participant in the 
system at any moment as the net payments that 


The LVTS is composed of two payment streams: Tranche 1 and Tranche 2. The two 
streams differ primarily in terms of collateralization. Tranche 1 payments are fully 
collateralized by the sender and settle in real time on a gross basis like an RTGS 
system in many other countries, while Tranche 2 payments are partially collateral- 
ized by the sender and are also backed by a survivors-pay collateral pool and are 
settled at the end of the day on anet basis. 

Tranche 1 payments are primarily payments between participants and the Bank of 
Canada. These are for transactions such as foreign exchange settlement. 

This is a necessarily brief explanation of the institutional details of the LVTS 
system. Arjani and McVanel (2006) provide further information. 


information regarding an institution’s bilateral on- and 
off- balance-sheet exposures is not usually readily 
available, payments systems offer an opportunity to 
observe actual financial activity. But even with this 
payment information, such as LVTS data, a direct 
connection to a participant’s underlying financial 
activity might be difficult to detect because of lack 

of information about payment rationale, or the amount 
of time between a payment request and the corres- 
ponding payment settlement. Nonetheless, innovative 
econometric techniques can complement network 
analysis by helping to interpret the economic signifi- 
cance of observed payments data. 


Payments data typically reveal little about the financial 
linkages that involve indirect participants, and this is 
arguably an obstacle to our understanding of the 
financial system, as well as a challenge to determining 
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have been made to the participant, as well as their 
initial T2NDC. The latter can be thought of as 
liquidity since it is the maximum amount of pay- 
ments that a participant can make unilaterally. 
Since the summation of all net payments in the 
system must equal zero at any moment, the sum of 
the T2NDCs may be thought of as the total amount 
of available liquidity in the system. 


The authors calculate the initial share of this total 
available liquidity to which each participant has 
access at the start of a payment cycle as the ratio 
of each participant’s T2NDC to the sum of T2NDCs. 
The authors then propose a measure for the 
observed average amount of liquidity that one 
participant holds during a payment cycle. This is 
defined as the total of two quantities: the time- 
weighted sum of the liquidity balance in Tranche 2, 
and the participant’s T2NDC on that day. The first 
part of the quantity is the average net payments to 
an individual participant during the day, and the 
second is the initial amount of liquidity held by the 
individual participant. The distribution of such 
average liquidity holdings across all participants 
represents the average allocation of liquidity 
between participants in the LVTS. 





the systemic importance of individual banks.*° There 
have been some recent attempts to capture these 
indirect linkages. For example, Becher, Millard, and 
Soramaki (2008) use the 2003 CHAPS Traffic Survey 
by the Bank of England, which consists of a sample of 
CHAPS payments for five days in February 2003, 
including those of indirect participants.** The Banking 
Act 2009 in the United Kingdom has since legislated 
that the Bank of England can require the operators of 
interbank payments systems to provide it with infor- 
mation, including data on indirect clearers, as it 
deems necessary (Bank of England 2009). For its part, 
the Bank of Canada does not regularly collect data 
from Canadian payments systems apart from the 
LVTS. Further surveys or data access on financial 


10 Indirect participants are smaller banks and deposit-taking institutions that are not 
direct members of the payments system and that, instead, rely on direct participants to 
execute payments on their behalf. 

11 The Clearing House Automated Payments System (CHAPS) is the United Kingdom's 
wholesale system. 


exposures or payments in Canada would be beneficial 
for understanding the structure of the Canadian finan- 
cial system. 


Conclusion 


Network analysis is a relatively new method of ana- 
lyzing financial systems. This approach allows 
researchers to study the operation of the payments 
system as a whole, rather than at the participant level. 
For example, recent work on the LVTS has uncovered 
a couple of communities within the payments system 
and has provided new ways to evaluate the systemic 
importance of participants. This type of information 
significantly enhances the ability of financial-stability 
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Conference Summary: Financial 
Globalization and Financial Instability 


Scott Hendry, Financial Markets Department 


e The Bank of Canada’s annual conference, held 
in October 2010, brought together leading re- 
searchers from universities and central banks 
around the world to discuss the issue of Financial 
Globalization and Financial Instability. The confer- 
ence covered such topics as the effects of finan- 
cial globalization on risk, liquidity, and asset prices, 
the causes of crises and their effects, and appro- 
priate regulatory responses. 


| would like to thank Greg Bauer, Antonio Diez de los Rios, Koralai Kirabaeva, Sermin 
Gungor, Teodora Paligorova, Jesus Sierra, and Jun Yang for putting together an excellent 
conference and for their input to this article. 


towards greater financial globalization. In other 

words, the ties between the economies of dif- 
ferent countries have grown stronger over time as 
markets for goods and services, as well as those for 
financial assets, have been liberalized to greater trade. 
Cross-border financial flows have increased tremen- 
dously, bringing with them benefits in terms of growth 
from new investment and export opportunities, as well 
as potential costs in terms of increased uncertainty, 
financial market volatility, and possibly even a greater 
probability and size of crises. The characteristics and 
size of the overall net benefits from this process are 
still the Subject of much debate. 


ale he trend over the past few decades has been 


The conference was divided into six sessions plus a 
keynote address and a panel discussion. The 
remainder of this article briefly summarizes these 
papers and discussions. 


Session 1: Financial Globalization 
and Risk 


There has been strong trend growth in cross-border 
financial flows among industrial economies and 
between industrial and emerging-market economies. 
At the same time, economists have been debating the 
benefits and costs of such financial globalization. 
Some economists believe that unfettered capital flows 
pose a serious impediment to global financial stability. 
Others argue that increased openness to capital flows 
has proven essential for economic growth and for the 
development of financial markets in emerging-market 
economies, while significantly enhancing stability 
among industrialized countries. The two papers in this 
session further advance this debate. 


Charles A. Trzcinka and Andrey D. Ukhov (Indiana 
University) examine both the costs and benefits asso- 
ciated with financial globalization and risk sharing. 
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They develop a new modelling approach that allows 
heterogeneous agents to endogenously choose 
whether to participate in financial markets. The paper 
studies the welfare effects of opening markets to 
foreigners, using a framework that models the 
opposing economic forces that affect decision 
making in an economy as it is opened to foreign 
investment. As is the case with other research on 
asset pricing in a multicountry model, it demonstrates 
that financial globalization generally reduces a coun- 
try’s cost of capital. In contrast to previous models, 
however, motives to trade and participate are 
endogenous, and the authors are able to compute the 
change in welfare of the domestic agents. The model 
shows that the decision to open markets affects risk- 
sharing arrangements in the economy and asset 
prices, as well as the welfare of agents. The removal 
of barriers changes the distribution across different 
types of investors, causing prices and the cost of 
capital to change. It may also make it more expensive 
for some domestic agents to participate in the risk- 
sharing offered by risky domestic assets and will lead 
to a decrease in their welfare. Contrary to previous 
models, their model shows that opening markets is 
not Pareto optimal: the welfare of certain domestic 
agents, particularly demanders of risky assets, may 
be lower after the opening of markets. 


The findings have political-economy interpretations 
and policy implications. Investment barriers may 
enhance a country’s welfare, and the decision to 
maintain such barriers may be an endogenous, 
rational economic decision and not the result of 
agency costs or political failure. The argument for 
liberalization may be refined by identifying the set of 
agents who find risk sharing attractive after markets 
are opened. The timing of liberalization is not random, 
and it depends on endowments, prices, and risk 
exposure. The model also provides a rational explana- 
tion for the historical evidence of liberalization and the 
reversals of liberalization found by previous studies. 


Gianni De Nicolo (International Monetary Fund) 

and Luciana Juvenal (Federal Reserve Bank of 

St. Louis) use data for a large number of advanced 
and emerging-market economies from 1985 to 2009 
to investigate the real effects of financial integration 
on economic growth. First, the authors document the 
dynamics of financial integration. Strong evidence is 
given of a declining trend in the cross-country disper- 
sion of equity premiums, which indicates increased 
integration in international financial markets. This 
result is driven primarily by increases in the financial 
integration of emerging economies. Second, the 
authors investigate the relation between financial 


integration and economic growth. New measures are 
constructed for the level of financial integration and 
“risk-adjusted” growth opportunities. The measure of 
financial integration is given by the difference between 
a country’s equity premium and that of the group 
average at each date. The measure of “risk-adjusted” 
growth opportunities is a Sharpe ratio-type measure’ 
of the market price-to-earnings (PE) ratio relative to 
the global PE ratio. The paper tests whether financial 
integration predicts “risk-adjusted” growth opportun- 
ities, as well as the converse, both at the global and 
regional levels with monthly data. Increases in financial 
integration are found to robustly and significantly 
predict better growth opportunities, while “risk- 
adjusted” growth opportunities do not necessarily 
predict advances in financial integration. 


The authors also examine the predictive impact of 
financial integration on actual growth and on a proxy 
of growth volatility, using annual data. They find that 
advances in financial integration predict higher 
growth, lower growth volatility, and lower probabilities 
of systemic real risk for equity markets. Three indirect 
channels through which financial integration may 
foster economic growth are explored. Financial integra- 
tion is found to foster domestic financial development 
and the liquidity of equity markets. Finally, they find 
that better-quality institutions and corporate govern- 
ance are associated with higher levels of financial 
integration. Each of these effects promotes economic 
growth over the long term. 


Session 2: Liquidity 


Liquidity in financial markets is important for the stability 
and efficiency of the financial system. Sudden and 
extreme shifts in market liquidity may create a channel 
through which contagion can grow and propagate 
systemic risk throughout the economy. The two 
papers in this section analyze the contributing role of 
liquidity shocks to financial fragility. 


Maya Eden (MIT) studies how financial integration 
between emerging and developed economies affects 
the global distribution of output volatility. She presents 
a model that explains why shocks to external funding 
are an important source of crises in emerging markets 
but are typically irrelevant in developed countries. The 
paper proposes a novel link, based on the interaction 
between financial distortions and the process of 


1 The Sharpe ratio compares a portfolio’s return to a risk-free return, and then scales the 
result by the variance of the portfolio’s return. The higher the Sharpe ratio, the better is 
the portfolio's return, given the amount of risk taken. 
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financial integration, to explain the interdependencies 
between the vulnerability of emerging economies to 
shocks to external funding and the moderation of 
liquidity-driven fluctuations in output in the developed 
world prior to the recent crisis. The model also gener- 
ates volatility patterns that are consistent with the 
amplification of the subprime-mortgage crisis. In par- 
ticular, it suggests that financial integration between 
developed and emerging economies may have led to 
endogenous structural changes in the financial system 
that set the stage for the crisis. These structural 
changes include the loosening of lending standards, 
increased securitization, and increased reliance on 
securitized products in banks’ balance sheets. 


Koralai Kirabaeva (Bank of Canada) studies the 
interaction between adverse selection, liquidity risk, 
and beliefs about systemic risk in determining market 
liquidity, asset prices, and welfare. The paper charac- 
terizes the portfolio choices of financial institutions 
between safe and risky assets when systemic risk is 
anticipated, and examines how investors’ beliefs may 
contribute to market freezes. In the presence of infor- 
mation and liquidity frictions, financial institutions do 
not fully internalize the impacts of their actions on 
market liquidity and overinvest in risky, illiquid assets, 
which creates systemic externalities. The paper illus- 
trates how even a small amount of adverse selection 
in the asset market can lead to fire-sale pricing and, 
possibly, to a market breakdown if it is accompanied 
by a flight to liquidity, an underestimation of systemic 
risk, or uncertainty about asset values. The paper 
further explores the effectiveness of possible policy 
responses, such as liquidity provision and purchases 
of low-quality assets, as well as an ex-ante requirement 
of larger liquidity holdings. 


Session 3: Securitization and 
Capital Flows 


Volatile capital inflows played an important role in 
aggravating the recent financial crises. The two 
papers in this section examine how such capital 
inflows affected housing markets and yields on U.S. 
Treasury bonds. 


Filipa Sa (University of Cambridge), Pascal Towbin 
(Banque de France), and Tomasz Wieladek (Bank of 
England) examine the effects of capital inflows, mon- 
etary policy, and financial innovation on housing 
market activity. The study is motivated by recent 
discussions on how these factors affect housing 
markets. 


One argument highlighted in the paper is that expan- 
sionary monetary policy has kept interest rates low, 
which has fuelled the demand for housing. Others 
attribute the growth in the housing market to global 
imbalances—countries with excessive savings and 
underdeveloped capital markets invest in countries 
with developed capital markets and thus depress the 
price of credit in the latter. It is also believed that 
interest rate changes have a much stronger impact on 
housing activity in countries with high consumer 
leverage and active securitized markets. 


Using data for 18 OECD countries from 1984 to 2007, 
the study offers several results. Capital inflows and 
monetary policy shocks have a significant positive 
effect on real credit to the private sector, real house 
prices, and residential investment. These housing 
variables are more sensitive to shocks in countries 
with a developed mortgage market. The authors 
reason that in these countries, households can pledge 
a larger fraction of their house’s value as collateral 
and increase their leverage, which makes them more 
sensitive to changes in the value of that collateral. 
Another finding is that the response of housing 
activity to capital inflows is larger and lasts longer in 
countries with developed mortgage markets. 


The results provide input to the debate on global 
imbalances as a contributing factor to the crisis. Capital 
inflows to countries with developed mortgage markets 
expose their housing sector to capital-inflow shocks. 


Carol Bertaut, Laurie Pounder DeMarco, 

Steve Kamin, and Ralph Tryon (Board of Governors 
of the Federal Reserve System) study the role played 
by inflows of international capital to the United States 
in the financial crisis. The authors document that 
foreign flows into corporate debt— including asset- 
backed securities (ABS)—were as large as those into 
U.S. Treasury bills and U.S. Agency securities. Inflows 
from Emerging Asia and the Middle East were primarily 
in the form of U.S. Treasuries and Agencies, while 
inflows from Europe were in the form of corporate 
debt and ABS. The non-European countries financed 
their investments through current account surpluses, 
while the European countries expanded their external 
liabilities. 

The paper argues that global investors in U.S. 
Treasuries pushed down yields on safe assets to such 
an extent that the appetite for riskier assets in general, 
and for subprime mortgages in particular, was greatly 
increased. On the other hand, foreign investors’ 
demand for risky assets contributed to the decline in 
the interest rates on ABS relative to those on safe 
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assets. Furthermore, it led to an increase in the supply 
of ABS, thereby directly increasing the flow of 
resources to subprime and other risky borrowers. 


Using a calibrated portfolio-balance model, the 
authors show that inflows from non-European countries 
suppressed the yields on U.S. Treasury bills. Foreign 
purchases of ABS, mainly by European investors, 
pushed down the yield spreads on the mortgages 
underlying these securities. 


Session 4: Regulatory Responses 


Historical evidence proves that financial systems are 
prone to periods of instability. The global financial 
Crisis that began in mid-2007 has highlighted the 
Ongoing debate about designing new and more 
effective financial regulation and supervision. The two 
papers in this session examine optimal regulatory 
policies in order to prevent future crises. 


Javier Bianchi (University of Maryland) and 

Enrique G. Mendoza (University of Maryland and 
NBER) examine overborrowing? and financial crises in 
an equilibrium model with collateral constraints. The 
authors focus on the comparison of the allocations 
and welfare attained by private agents facing collateral 
constraints in a decentralized competitive equilibrium 
with those attained by a social planner subject to the 
same constraints. The private agents take the price of 
their collateral assets as given. As a result, a “credit 
externality” arises because they do not internalize the 
effects of their individual borrowing plans on the 
market price of collateral and on the wage costs 
relevant for working capital. On the other hand, the 
constrained social planner internalizes these effects 
and takes into account how current borrowing 
choices affect future asset prices and wages. 


Although the credit externality results in only a small 
overborrowing compared with the constrained- 
efficient allocations of the social planner, it produces 
financial crises that are significantly more severe and 
more frequent than in the constrained-efficient equi- 
librium, and produces higher variability in the busi- 
ness cycle in the long run. The credit externality also 
produces excess returns on assets, Sharpe ratios, 
and market prices of risk that are much larger than in 
the constrained-efficient equilibrium. The authors 
suggest the introduction of an optimal schedule of 


2 Overborrowing is defined as the difference between the amount of credit that an agent 
obtains acting individually in an environment with a given set of credit frictions, and the 
amount obtained by a social planner who faces the same frictions but internalizes the 
general-equilibrium effects of its borrowing decisions 
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state-contingent taxes on debt and dividends. In 
other words, the policy implication of their model is a 
tax on debt and dividends that should be higher in 
bad times, i.e., when the economy is building up 
leverage and becoming vulnerable to a financial crisis, 
but before a crisis actually occurs, and lower in good 
times. This is to induce private agents to value the 
accumulation of savings more than they do in the 
competitive equilibrium without taxes. 


The second paper in this session by Alan D. Morrison 
(University of Oxford and CEPR) and Lucy White 
(Harvard Business School and CEPR) sheds light on 
the optimal regulation of the financial system by a 
common regulator in order to reduce the risk of inter- 
bank contagion. The authors demonstrate that the 
reputation of the common regulator can be a cause of 
financial contagion, and, therefore, it may be socially 
desirable that regulators engage in ex post “reputa- 
tion management.” Such management can be 
achieved through private or public policies, depending 
on the regulator’s initial reputation. 


In their model, the failure of one bank can undermine 
the public’s confidence in the competence of the 
banking regulator and, hence, in other banks char- 
tered by the same regulator. Thus, depositors may 
withdraw funds from the other banks, even when the 
returns on the assets in which those banks invest are 
uncorrelated and there is no interbank lending. Under 
these panic circumstances, it can be optimal for the 
regulator to exercise forbearance privately towards a 
failing bank in order to conserve its own reputation 
and hope that the bank—and, hence, other vulnerable 
banks—Ssurvives. In contrast, public bailouts are 
ineffective in preventing panics because they do not 
conserve the regulator’s reputation ex post. Therefore, 
when forbearance is public, it may need to be supple- 
mented by additional and costly measures, such as 
increased deposit insurance. Whether transparency 
or privacy is optimal ex ante depends on the regula- 
tor’s initial reputation and the likely size of shocks to 
its reputation. Regulatory transparency improves 
confidence ex ante but impedes the regulator’s ability 
to stem panics ex post. Hence, privacy and discretion 
may be socially preferable for regulators with strong 
reputations; however, transparency is essential if the 
regulator’s reputation is initially very poor. 


Session 5: Crises and Expected 
Returns 


The global 2007-09 crisis has provided a clear illustra- 
tion for the existence of “economic disasters” and the 
impact of such rare events on the returns obtained by 
international investors. Along these lines, Barro (2006) 
finds that, despite being low-probability events, such 
economic disasters can have a large impact on 
expected returns and can even explain asset-pricing 
puzzles, such as the equity premium. The papers in 
this session address whether the risks of global eco- 
nomic disaster can also explain international asset- 
pricing puzzles, such as uncovered interest rate parity. 


Francois Gourio (Boston University), Michael Siemer 
(Boston University), and Adrien Verdelhan (MIT) 
develop a rich two-country model of the real business 
cycle with a small, yet time-varying, risk of a global 
economic disaster (i.e., a large drop in global con- 
sumption) and where countries differ in their exposure 
to this global risk. The authors find that changes in the 
probability of a worldwide disaster lead not only to 
variations in risk premiums, but also induce variability 
in macroeconomic quantities. In particular, as the 
probability of a disaster increases, investment 
becomes less attractive, and thus investment and 
output fall. On the other hand, demand for pre- 
cautionary savings increases, leading to a drop in the 
interest rates on risk-free assets, while yield spreads 
on risky assets increase. For this reason, capital is 
pulled out of the riskier country, which experiences 
the largest recession, as investors seek safety. The 
model also rationalizes the risk premium on carry 
trade because, in their setup, the currency with high 
interest rates depreciates when global risk increases. 


Alexandre Jeanneret (HEC Montréal) develops and 
calibrates to U.S. data a two-country general-equilibrium 
model with international trade, where the default 
decisions of firms and governments are endogenous. 
In his model, a negative economic shock in the foreign 
country deteriorates the fiscal position of the foreign 
government and increases the risk of a sovereign 
default abroad and of a contraction in economic 
growth in the domestic country. Thus, an increase in 
sovereign risk reduces the expected value of future 
export revenues for U.S. firms through a depreciation 
of the terms of trade and triggers an incentive for 
portfolio rebalancing towards the risk-free bond, thus 
depressing equity prices in both countries. The risk of 
a contraction in economic growth abroad amplifies, 
through these two channels, the initial fall in the equity 
values of U.S. firms and thus the rise in volatility of 
equity returns in the United States. 


Session 6: Global Imbalances and 
Asset-Price Dynamics 


Global imbalances have been cited as a possible 
cause of the recent financial crisis, since it is believed 
that they may have contributed to the decrease in 
interest rates that, in turn, increased the risk-taking 
behaviour of market participants. However, empirical 
evidence of a significant impact on the prices of 
domestic assets from foreign purchases of net assets 
is still inconclusive. On the other hand, it is also possible 
that changes in asset prices may have led to capital 
movements; in fact, at the aggregate level, a country’s 
net foreign asset position necessarily embeds expect- 
ations about future asset prices. The papers in this 
session attempt to shed some light on the causal 
relationship between asset prices and international 
capital flows. 


Jesus Sierra (Bank of Canada) studies the impact of 
international capital flows on interest rates through 
risk premiums. Interest rates contain two components: 
expectations of future short-term rates and expected 
excess returns (risk premiums). Given that the central 
bank does not set its policy rate in response to foreign 
purchases of long-term bonds, any impact of capital 
flows on interest rates must take place through risk 
premiums. If we assume rational expectations, this 
suggests that the impact of capital flows on asset 
prices could be measured by calculating the correlation 
between future realized excess returns and current 
flows. Inflows of funds by foreign official institutions 
have a negative and non-linear impact on risk pre- 
miums and thus appear similar to relative supply 
shocks, while private net purchases, with a positive 
and linear effect, absorb excess supply and are thus 
compensated in equilibrium for this service. The 
results do not support the view that international 
capital flows were among the main drivers of the 
decrease in long-term U.S. rates from 1994 to 2007. 


In the second paper in this session, Martin D. D. Evans 
and Alberto Fuertes (Georgetown University) 
examine the channels through which the net external 
asset position of the United States deteriorated over 
the past 35 years. They find that most of the quarter- 
by-quarter changes in the U.S. external position 
between 1973 and 2008 are due to news (shocks) 
about future returns and trade flows, with news about 
future returns dominating news about future trade 
flows. Over long horizons, however, the changes 
reflect prior expectations about how the United States 
would meet its international financial obligations. Their 
results suggest that only through both favourable 
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changes in return differentials and future trade sur- 
pluses will the United States be able to return to an 
external balance and that this process could take over 
13 years and involve a significant real depreciation of 
the dollar. 


John Kuszczak Memorial Lecture 


Eswar Prasad (Cornell University and Brookings 
Institution) delivered the conference’s keynote speech. 
He discussed how globalization created channels for 
the cross-country spillover of shocks, and examined 
the implications and future prospects of global imbal- 
ances. The speech covered lessons and challenges 
for monetary policy in an integrated world economy 
with open capital accounts. In particular, he discussed 
the scope of a central bank’s objectives, including 
whether and how asset prices might be incorporated 
into the monetary policy framework, and what the 
optimal degree of central bank independence is. 
Some potential research topics arising from these 
issues were also outlined. For example, he called for 
further exploration of the connections between price 
stability and financial stability, and for the development 
of more robust monetary policy frameworks that 
address challenges faced by emerging markets in the 
post-crisis world. 


Panel Discussion: Whither 
Financial Globalization? 


The conference concluded with a discussion of the 
future prospects for financial globalization by a panel 
consisting of Timothy Lane (Bank of Canada), 
Stanley Zin (New York University), and Martin Evans 
(Georgetown University). 


Timothy Lane led off the discussion with a brief 
review of some of the costs and benefits of financial 
globalization and of recent financial crises that have 
hit the global economy. In advanced economies, 
financial globalization was not seen as a real problem 
until recently, and the probability of a crisis was 
thought to be remote. There was a much larger con- 
cern that financial globalization could cause problems 
in emerging-market economies by making macro- 
economic management much more difficult. In the 
wake of the Asian crisis, there was only weak evidence 
that liberalization was good for growth. The most 
recent global financial crisis largely reflected a com- 
bination of macroeconomic imbalances, a search for 
yield, and pervasive weaknesses in the financial systems 


4 CONFERENCE SUMMARY: FINANCIAL GLOBALIZATION AND FINANCIAL INSTABILITY 


<> BANK OF CANADA REVIEW ® WINTER 2010-2011 


of many countries. In the wake of the crisis, some are 
arguing that global capital flows should be limited, but 
international efforts are instead focused on making 
the global financial system more robust. Financial 
reform is under way on capital regulation, infrastructure, 
resolution policies, and system-wide prudential policies. 
These efforts need to promote information sharing in 
the regulation of globalized financial institutions and to 
monitor the risks possible from regulatory arbitrage. 
There is a risk that regulation could become a source 
of financial protectionism going forward, but inter- 
national efforts are under way to counter this risk and 
allow globalization to promote growth. 


Stanley Zin expressed the belief that the trend 
towards financial globalization will continue strongly 
into the future and will not be derailed by any regula- 
tory changes because the underlying forces promo- 
ting it are simply too strong. One of the most 
important driving factors that he cited was demo- 
graphic imbalances (e.g., an aging population and 
global population distribution). Financial assets are 
designed to move capital across time, space, and 
generations, all of which will support financial flows 
going forward. Zin then went on to discuss some 
ideas on how we should structure global financial 
markets. He argued there is a strong need for inter- 
national coordination of regulatory initiatives and that 
there should be a preference for rules versus discre- 
tion in the design of policy. Rules are more appro- 
priate for keeping regulators from being co-opted by 
business and for maintaining a stable environment. 
Solid regulation should be built and then maintained 
so that, going forward, decisions can be made with 
more certainty with respect to the financial 
environment. 


Martin Evans also expressed the opinion that financial 
globalization will continue unabated because of strong 
underlying drivers, Such as demographic trends, con- 
tinuing advancements in telecommunications, and the 
difficulty in coordinating international regulatory efforts 
(which creates large opportunities for regulatory arbi- 
trage). He went on to discuss some of the gaps in our 
knowledge that need to be addressed by researchers. 
For example, he called for extensive work on the links 
between the fields of finance and macroeconomics. 
Our macroeconomic models need to incorporate more 
detail on how financial markets function, the roles of 
market-makers and heterogeneous agents, and the 
nature of information problems. This combination of 
macroeconomic and financial factors is required for the 
design of optimal regulatory policy. 
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Sumerian Cuneiform Tablet 


Raewyn Passmore, Assistant Curator, Currency Museum 


Produced over four thousand years ago, the tablet 
pictured on the cover is the oldest object in the 
National Currency Collection. 


Cuneiform script, the earliest known system of writing, 
was invented toward the end of the fourth millennium 
BC in what is now southern Iraq. It began as a series 
of mnemonic pictographs—recognizable pictures of 
objects—used to document transactions or keep lists 
of commodities. Over centuries, it evolved into a 
sophisticated system of abstract symbols repre- 
senting phonetic syllables. By the Old Babylonian 
Period (c. 1700 BC) it was in use throughout the Near 
East. 


Despite this remarkable advance, literacy was not 
widespread, and specially trained scribes formed an 
elite class. Apart from important inscriptions carved in 
stone, most documents were created by pressing a 
cut reed stylus into a tablet of wet clay. The tablets 
were then fired or allowed to dry. Once hardened, 
they were nearly indestructible. 


During the Third Dynasty of Ur, the Sumerian King 
Shulgi (c. 2094—47 BC) imposed extensive administra- 
tive reforms that resulted in an explosion of bureau- 
cratic documents. Tablets have been found that 
record loans and debts; the sale of houses, land, and 
livestock; marriage agreements and dowries; instruc- 
tions from merchants to their agents; inventories and 
stock lists—in fact anything that we might record in 
writing today. 


This cultural affinity for documentation, coupled with 
the durability of clay, yielded a legacy of thousands of 
tablets that record all aspects of life in Ancient Meso- 
potamia and reveal in startling detail the roots of later 
economic systems. 


The economy of Ancient lraq was based on agricul- 
ture. While rich in grains—primarily barley—and wool, 
the land was deficient in other necessities, and foreign 
trade was vital for economic growth. Raw and pro- 
cessed commodities were exchanged for salt, stone 
and timber, as well as gold, silver, copper and various 
luxury goods. 


The central focus of every Sumerian city was the 
temple. The valuable objects belonging to the shrine 
acted as the city’s store of wealth, often serving as 
capital for foreign trade and domestic business ven- 
tures. The temple also acted as a bank for the sur- 
rounding community, offering loans at a rate of 20 per 
cent—relatively low compared with the annual lending 
rates standardized under the code of King Hammurabi 
(c. 1792-50 BC) of 25 per cent on silver and 33 per 
cent on barley (both of which were used as currency). 


As part of his major internal reforms, Shulgi estab- 
lished the town of Puzrish-Dagan (now called Drehem 
in southern Iraq) as a centre for the distribution of 
livestock to temples throughout the region. The tablet 
on the cover is a receipt for animals that were 
released from the stockade in Puzrish-Dagan by an 
individual called Nansha to be used as a special 
offering to deities. It is dated “the 17th day of the 
month Arkiti in the second year following the destruc- 
tion of the city of Kimash,” or the fourth year of the 
reign of Shulgi—roughly 2090 BC. 


The tablet on the cover is part of the National Currency 
Collection, Bank of Canada. It measures about 4.5 cm 
DY S.o1Clie 


Photography by Gord Carter. 
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Real-Financial Linkages 


Césaire Meh, Guest Editor 


research to improve its understanding of the 

linkages between financial and macroeconomic 
developments. In the wake of the recent global 
financial crisis, the Bank has intensified its research 
efforts in this area. In particular, a research priority 
over the medium term is to improve the theoretical 
and empirical models to deepen the Bank’s under- 
standing of the impacts of domestic and international 
financial developments on the Canadian economy 
and on the monetary policy transmission mechanism, 
as well as the effects of developments in the real 
economy on the financial system. Bank staff and 
researchers at other institutions have been developing 
macroeconomic frameworks that take into account 
the balance sheets of financial intermediaries and 
households, as well as multiple interest rates and 
credit spreads.’ These efforts will enhance the Bank’s 
ability to assess new developments in the financial 
system, the relationship between monetary policy 
and financial stability, and the impacts of alterna- 
tive policy interventions on financial stability and 
economic activity. This special issue of the Review 
summarizes some of the Bank’s recent research on 
real-financial linkages. It includes two articles that 
describe large-scale macroeconomic policy models 
that now explicitly incorporate important features of 
the financial sector and two articles that focus on the 
role of banks’ balance sheets in economic activity and 
the role of mortgage financing in the determination of 
house-price dynamics. 


T= Bank of Canada has been conducting 


In times of financial turmoil with widening liquidity 
premiums and credit spreads, models featuring a 
single interest rate are constrained in their ability to 
guide policy-makers. José Dorich, Rhys Mendes 


1 For arecent literature review on real-financial linkages, see P. Bergevin, 
P. Duguay and P. Jenkins, “When Nightmares Become Real: Model- 
ling Linkages between the Financial Sector and the Real Economy in 
the Aftermath of the Financial Crisis,” CD Howe Institute Commentary 
(forthcoming). 


and Yang Zhang, in the article “Introducing Multiple 
Interest Rates in ToTEM,” describe changes to the 
interest rate structure in the Bank of Canada’s main 
projection and policy-analysis model. These changes 
allow an independent role for long-term interest rates, 
as well as for the risk spreads that generate differ- 
ences in the interest rates faced by households, 

firms and the government. This multiple interest rate 
structure broadens the range of policy questions that 
the model can explicitly address and improves its 
ability to explain the data. As an example, the authors 
employ this new structure to simulate the effects on 
the Canadian economy of shocks to the risk spreads 
on interest rates comparable to those that developed 
during the recent financial crisis. They also use the 
model to assess the macroeconomic impact of higher 
minimum capital requirements for commercial banks, 
as specified in the new Basel Ill rules. 


The recent global crisis also underscored the inter- 
dependence of major economies generated through 
linkages among financial institutions and markets, in 
addition to the traditional trade linkages. In “The BoC- 
GENM-Fin: Banking in the Global Economy,” Carlos de 
Resende and René Lalonde present a new version of 
the Bank’s large multi-country model that captures 
the international transmission of shocks through their 
effects on bank capital and via financial-accelerator 
effects. The authors describe the Bank of Canada’s 
version of the Global Economy Model (GEM) modi- 
fied to incorporate an articulated banking system that 
features an interbank market and cross-border lend- 
ing.? The authors then use BoC-GEM-Fin to examine 
the responses of selected U.S. and Canadian macro- 
economic variables to an adverse financial shock ori- 
ginating in the U.S. banking system and to study the 
economic effects of higher minimum capital require- 
ments in Canada and the rest of the world. 


2 BoC-GEM-Fin is used primarily for global policy simulations. 
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To complement the discussion of the Bank’s large- 
scale policy models, the next two articles examine 
issues related to the role of commercial banks’ bal- 
ance sheets in economic activity and the role of 
mortgage financing in house-price dynamics. These 
economic issues are seen to be important for under- 
standing the recent financial crisis. 


In “Bank Balance Sheets, Deleveraging and the 
Transmission Mechanism,” Césaire Meh investi- 
gates the role of bank capital in propagating and 
amplifying economic and financial shocks, as well 
as the potential implications of countercyclical 
capital buffers for the transmission of shocks. The 
author shows that the bank-capital channel can 
amplify and propagate shocks. The extent of the 
amplification depends on the capitalization of the 
banking system: economies with higher-capitalized 
banks are better able to absorb shocks. The article 
also argues that countercyclical capital buffers can 
increase the resilience of the banking system, but 


Supplementary article 


As the Government of Canada’s fiscal agent, the 
Bank of Canada provides strategic policy advice on 
the management of the federal government’s debt, 
in addition to being responsible for conducting 
debt-management operations. In “Developing 
Canada’s Medium-Term Debt Management 
Strategy,” Marc Larson and Etienne Lessard 

review the evolution of the debt strategy over the 
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that they will also affect the transmission mechanism 
of monetary policy. Stabilizing an economy with a 
better-capitalized banking system will require less- 
aggressive movements in the policy rate. 


lan Christensen, in “Mortgage Debt and Procyclicality 
in the Housing Market,” focuses on the role that 
loans backed by housing collateral play in amplifying 
housing booms and, more generally, procyclicality 

in the housing market. The author uses a model 
developed to include borrower and lender house- 
holds, as well as a housing market, to examine the 
impact of altering the loan-to-value (LTV) ratio (either 
permanently or countercyclically) on the volatility 

of house prices and mortgage debt. He concludes 
that models developed at the Bank of Canada and 
elsewhere demonstrate that an LTV ratio that is set 
at a lower level would dampen procyclicality in the 
housing market. Varying the LTV ratio for mortgages 
in a countercyclical fashion would further reduce this 
procyclicality. 


past 20 years and outline the complex process of 
developing a sound strategy that balances various 
cost and risk considerations. This review includes 
an examination of the tools and practices used 

to develop the new medium-term debt-manage- 
ment strategy, such as the modelling approach, 
various debt-management metrics and market 
consultations. 


Introducing Multiple Interest Rates in 


ToTEM 


José Dorich, Rhys R. Mendes and Yang Zhang, Canadian Economic Analysis Department 


e Standard dynamic stochastic general-equilibrium 
(DSGE) models, including the first version of 
ToTEM, typically incorporate a single domestic 
interest rate. In these models, time variation in 
term premiums and risk spreads is not an import- 
ant determinant of macroeconomic fluctuations. 


e Empirical evidence suggests that both short- and 
long-term rates, as well as the risk spreads faced 
by households and firms, have significant effects 
on aggregate demand. 


e The Bank of Canada has developed a new ver- 
sion of ToTEM that incorporates multiple interest 
rates, as well as several other modifications. 


e =This new structure allows Bank staff to use 
ToTEM to study a broader array of policy ques- 
tions than was previously possible. For example, 
staff recently employed the model to assess the 
macroeconomic impact of higher requirements 
for bank capital and liquidity. 


tice in DSGE macroeconomic modelling, the 

Bank of Canada’s main model for projection 
and policy analysis, ToTEM, had a single domestic 
interest rate.’ This short-term rate was treated as the 
instrument of monetary policy, and its current value 
and expected future path were key determinants 
of the behaviour of economic agents in the model. 
However, the events of the recent global financial 
crisis highlighted the role that changes in credit 
market conditions, including risk spreads, can play 
in macroeconomic developments. This has led to 
accelerated work on multiple interest rate models 
at the Bank of Canada and elsewhere. This article 
provides an overview of the introduction of multiple 
interest rates in TOTEM. 


| ntil recently, in keeping with standard prac- 


Economic models are simplified representations 
of reality, designed to assist the understanding 
and analysis of economic outcomes. Economists 
choose the dimensions along which they sim- 
plify their models to render them tractable, but 
still useful. Judicious choice of the simplifica- 
tions allows the model to provide insights into the 
functioning of the economy without obscuring the 
analysis with unnecessary detail. One common 
simplification is to abstract from the variety of dif- 
ferent interest rates that prevail in practice, by 
adopting a single interest rate. 


In reality, however, households, firms and the gov- 
ernment all face different interest rates. That is, there 
are time-varying spreads between the interest rates 
available to private agents and those available to the 
government. Changes in these spreads can influ- 
ence macroeconomic developments. Moreover, the 
expected future path of short-term interest rates is 


1 Two key antecedents of large macroeconomic models like TOTEM 
are those of Christiano, Eichenbaum and Evans (2005) or Smets and 
Wouters (2007). For textbook models see Woodford (2003) and Gali 
(2008). 
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not a perfect proxy for long-term rates. Thus, varia- 
tions in the term premium—the difference between 
long-term rates and the expected path of short-term 
rates—may have implications for the macroeconomy. 


Consequently, Bank staff developed a new version of 
ToTEM (ToTEM ll) that includes a richer interest rate 
structure in addition to several other changes (see 
Box).? In particular, TOTEM II includes both long- and 
short-term rates, as well as different risk spreads 
that lead to differences in the interest rates faced 

by households, firms and the government. These 
changes broaden the range of policy questions that 
the model can address and improve its ability to 
explain the data. 


The article begins with a description of the changes 
to the interest rate structure in TOTEM Il. The impli- 
cations of shocks to risk spreads and term pre- 
miums during the recent financial crisis are then 
reviewed. Finally, as an example, the new model is 
used to examine the macroeconomic implications of 
changes to the requirements for capital and liquidity 
in the banking sector. 


Interest Rates and 
Aggregate Demand 


In standard DSGE macroeconomic models, including 
the first version of TOTEM, aggregate demand is 
affected by the evolution of just one interest rate: 
the short-term, risk-free real interest rate. This one 
interest rate determines the degree of intertemporal 
substitution by firms and households in their deci- 
sions to invest, spend, save and work. For example, 
a relatively high interest rate provides households 
with an incentive to postpone consumption. Instead, 
they will tend to save more in order to take advan- 
tage of the higher interest rates. Relatively low 
interest rates have the opposite effect. 


In TOTEM, as in most other DSGE macroeconomic 
models, short- and long-term, risk-free assets are 
assumed to be perfect substitutes. This implies that 
the expected rates of return on these two types 

of asset will be equalized by arbitrage. Suppose 

the long-term asset under consideration has a 
maturity of 5 years (20 quarters), while the short- 
term asset has a maturity of 1 quarter. The long-term 
interest rate (it) will be equal to the average of the 


2 Foradescription of ToTEM, see Murchison and Rennison (2006). Fenton 
and Murchison (2006) provide a non-technical overview of ToTEM. For 
information on the new features introduced in ToTEM II, see Dorich et al. 
(forthcoming). 


expected short-term rate (l;) over the subsequent 
20 quarters:* 


19 
fe wail . 
tooo —) Erte sj. 
j=0 


A long-term rate that is exactly equal to the average 
path of expected future short-term rates is said to be 
consistent with the pure expectations theory of the 
term structure. 


In models such as ToTEM, households and firms 
are forward looking, which implies that their con- 
sumption and investment decisions are influenced 
not only by the current interest rate, but also by the 
entire expected path of rates. This result, combined 
with the assumption of perfect asset substitutability, 
made it redundant to explicitly model the long-term 
interest rate in TOTEM. 


The new model allows long-term 
interest rates to play a meaningful role 
in economic decisions 


Models with a single interest rate cannot be used to 
address questions about the effects of changes in 
term premiums or risk spreads.* ToTEM II has been 
designed to permit analysis of these issues. The new 
model allows long-term interest rates to play a mean- 
ingful role in economic decisions, over and above 
the traditional role of short-term rates. ToTEM II also 
includes the risk spreads faced by households and 
firms on long- and short-term interest rates. These 
risk spreads are assumed to be exogenous and 

are defined as the difference between the effective 
interest rate facing firms and households and the risk- 
free rate.° 


3 The relationship given in the main text is a linear approximation. The 
underlying non-linear relationship requires the gross long-term rate 
(1+i/) to be equal to the expectation of the geometric average of cur- 
rent and future gross short-term rates. This relationship also holds only 
when all accrued interest is paid at maturity, i.e., a zero-coupon secur- 
ity. 

4 Because the original version of ToTEM did not incorporate multiple 
interest rates, the impact of shocks to interest rate spreads and term 
premiums could not be identified; it was confounded with the impact 
of other shocks. Nevertheless, through the use of judgment, at times 
informed by alternative models, Bank staff did take account of such 
shocks. Moreover, during the financial crisis, a prototypical version of 
the interest rate structure described in this article was incorporated into 
ToTEM. This modified version was used to analyze the impact of spread 
shocks, among other things. 

5 The risk-free rate is the rate of interest on an asset that is free of default 
and other types of risk. In practice, no asset may be completely free of 
risk, and the risk-free rate is usually equated with the interest rate on 
government securities or a rate related to the central bank’s policy rate. 





A INTRODUCING MULTIPLE INTEREST RATES IN TOTEM 
BANK OF CANADA REVIEW ® SUMMER 2011 


ToTEM Il: An Updated Version of the Bank of Canada’s Quarterly 
Projection and Policy Analysis Model 


The Terms-of-Trade Economic Model, or ToTEM, 
has served as the Bank’s main projection and 
policy analysis model since December 2005 
(Murchison and Rennison 2006; Fenton and 
Murchison 2006). An updated version of the 
model (ToTEM Il) replaced ToTEM in June 2011. 
The model has been improved along a number of 
dimensions, including the introduction of multiple 
interest rates. Changes related to interest rates 
are described in detail in the main text. Here, we 
briefly summarize some of the other new elements 
of ToTEM Il. The features of ToTEM II are fully 
documented in Dorich et al. (forthcoming). 


Estimation 


In TOTEM Il, a substantial number of the model’s 
parameters have been estimated using Classical 
Maximum Likelihood methods. This is in con- 
trast to TOTEM’s parameter values, which were all 
chosen manually so that ToTEM could replicate 
selected moments of the data or stylized facts. 
This change has considerably improved the mod- 
el’s forecasting behaviour. 


Introduction of variables for residential 
and inventory investment 


ToTEM did not include explicit variables for invest- 
ment in residential structures and inventories. 

In practice, “consumption” was treated as a 
conglomerate, defined as the sum of three com- 
ponents of the National Income and Expenditure 
Accounts (NIEA): consumption, residential invest- 
ment and inventory investment. Thus, residential 
and inventory investment entered ToTEM through 
this conglomerate consumption variable. This 
practice was a continuation of the approach 
adopted when the Bank introduced the Quarterly 
Projection Model (ToTEM’s predecessor) in 1993. 


ToTEM II includes separate variables for NIEA 
consumption, residential investment and inven- 
tory investment. Demands for these three goods 
are treated separately, with their own shocks and 
interest elasticities. TOTEM II also accounts for the 
relevant stock-flow relationships. These changes 
permit analysis of a wider range of shocks. 


Changes to price- and wage-setting 
behaviour 


Both ToTEM and ToTEM II have sticky nominal prices 
and wages (all nominal prices and wages are not 
re-optimized every period). In ToTEM, when a firm re- 
optimized its nominal price, it did so in a fully rational, 
forward-looking manner. In ToTEM II, some firms 
behave in a forward-looking manner, while others 
follow a simple rule of thumb in the spirit of Gali and 
Gertler (1999). Analogous changes were also made 
to the structure of wage determination in ToTEM ll. 
The presence of rule-of-thumb agents gives staff the 
flexibility to estimate the extent of forward-looking 
behaviour in price and wage setting.* 


Use of a closure condition on 
household net wealth 


In TOTEM, as in many other small-open-economy 
DSGE models, the country-specific interest rate 
risk premium is a function of Canada’s net foreign 
asset (NFA) position relative to its steady state. This 
ensures a stationary dynamic path for the NFA- 
to-GDP ratio since the risk premium will move the 
exchange rate to whatever level is required to return 
the NFA-to-GDP ratio to its steady state. 


In TOTEM Il, the closure condition on net foreign 
assets is replaced by a closure condition on house- 
hold net wealth. A household’s discount factor in 
ToTEM Il depends on the ratio of household net 
wealth to disposable income relative to its steady 
state. Thus, households become more patient when 
their net wealth is low relative to the desired level, 
and vice versa. Household net wealth is derived from 
the household’s budget constraint and incorpor- 
ates housing wealth, holdings of government debt, 
stock market wealth evaluated at the “fundamental” 
shadow value of capital (assuming that equity prices 
move proportionately with expected earnings), and 
net claims on foreign assets. As a result, develop- 
ments in the housing market, such as house-price 
movements, have a direct impact on consumption 
via this net-wealth gap. 


1 Fora discussion of the implications of rule-of-thumb behaviour for 
the discounting of future economic conditions, see Amano, Mendes 
and Murchison (2009). 
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In order to allow long-term interest rates to have an 
independent effect on aggregate demand in ToTEM Il, 
Bank staff made two modifications: (i) they aban- 
doned the traditional assumption of perfect asset 
substitutability, and (ii) they introduced a subset of 
households who participate only in the long-term 
asset market. The first change breaks the perfect 
link between long-term rates and the expected 
path of short-term rates, while the second change 
ensures that some households always base their 
decisions on long-term rates. 


Imperfect asset substitutability, in the spirit of 
Tobin (1969), was introduced in ToTEM Il using the 
approach suggested by Andrés, Lopez-Salido and 
Nelson (2004). Households are modelled as viewing 
short- and long-term securities as imperfect substi- 
tutes. They incur some disutility from holding long- 
term assets and therefore demand a premium to do 
so.® This breaks the perfect arbitrage between the 
two assets and allows the long-term rate to deviate 
from the level implied by the pure expectations 
theory of the term structure. This deviation is the 
term premium (fp;). The relationship between long- 
and short-term rates in TOTEM Il is given by: 


1 19 
a —) Belge et pe. 
j=0 


The presence of the term premium implies that long- 
term rates can vary independently of the expected 
path of short-term rates. 


Nevertheless, as mentioned earlier, this modification 
alone is not enough to allow long-term interest rates 
to have an independent effect on aggregate demand: 
households can simply sidestep the market for long- 
term assets and implement their consumption plans 
by trading in a sequence of short-term assets. The 
term premium merely compensates households for 
the marginal disutility associated with holding long- 
term assets, leaving them indifferent between returns 
on the two types of assets. 


For this reason, ToTEM Il includes a subset of house- 
holds who participate only in the market for long- 
term assets. These households can be thought of 

as a proxy for agents who save primarily through 
vehicles such as pension funds (which invest heavily 


6 The disutility associated with holding long-term assets represents the 
increased risk and the lower liquidity associated with these assets that 
are not explicitly modelled but that would lead to a time-varying term 
premium. 
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in long-term assets), or who borrow through longer- 
term instruments such as fixed-rate mortgages. The 
presence of households with restricted asset market 
participation ensures that the consumption decisions 
of this subset of households are driven by long-term 
rates. This, in turn, implies that the consumption 
equation in ToTEM II depends on both short- and 
long-term interest rates.’ 


The importance of long-term rates in the ToTEM Il 
consumption equation is not presumed, but esti- 
mated. This weight has been estimated using sev- 
eral different econometric techniques, including the 
full-information techniques used to estimate other 
parameters in ToTEM Il, as well as techniques using 
the generalized method of moments for single- 
equation linear models. All of these estimates indi- 
cate that long-term rates have a significant effect on 
consumption, independent of the expected path of 
short-term rates. 


The effective interest rates faced by households are 
modelled as functions of the risk-free rates and risk 
spreads: 


lyt = ly +stsp,, 


ee te tlesp 


where ly ; and it are the short- and long- 

term rates applicable to households, stsp; is an 
exogenous risk spread on household short rates, 
and Itsp,; is an exogenous risk spread on long rates. 


The short-term and long-term rates faced by firms 
are related to the risk-free rate and the exogenous 
risk spreads in the same way as those for house- 
holds. However, the risk spreads on firms’ debt are 
allowed to differ in magnitude from those associated 
with households. 


The assumption of exogenous risk spreads is an 
important limitation of the interest rate structure in 
TOTEM Il. We would expect risk spreads to be related 
to endogenous variables such as leverage ratios. 
Modelling such relationships would allow macro- 
economic shocks and policies to affect risk spreads, 
and may therefore have implications for the policy 
prescriptions that emerge from the model. Other 
authors have modelled risk spreads as endogenous, 
but only in environments without an independent 


7 One alternative to this approach would be to directly assume that cer- 
tain components of demand (e.g., durable consumption and residential 
investment) are affected primarily by longer-term rates. 


role for long-term rates.® Bank staff are currently 
exploring the introduction of endogenous interest 
rate spreads in ToTEM ll. 


The impact of shocks to interest rate 
spreads during the crisis 


In the United States and many other economies, a 
large and persistent tightening of credit market con- 
ditions played a key role in transmitting the recent 
global financial crisis to the real economy. Credit 
market conditions also tightened in Canada. This 
general tightening included a widening of interest 
rate spreads during the crisis. TOTEM Il provides a 
lens through which to assess the impact of these 
higher spreads on the Canadian economy. 


We use ToTEM II to simulate the effects of the 
shocks to spreads that occurred during the crisis. 
The model suggests that the widening of spreads 
did not play a major role in generating the economic 
downturn in Canada. Nevertheless, it is important to 
bear in mind that many potential linkages between 
the financial sector and the real economy are not 
explicitly modelled in ToTEM Il. In particular, the 
model does not include a banking sector, nor does 
it embed the possibility of quantity restrictions or 
changes in the non-price terms and conditions of 
credit. The analysis in this section captures only the 
effects of changes in spreads. Financial shocks that 
are not explicitly modelled in ToTEM II will be sub- 
sumed in the identified effects of other shocks. For 
example, quantity restrictions on credit could be a 
contributing factor underlying the identified negative 
shocks to domestic demand. 


We would expect changes in spreads to have their 
greatest impact on the most interest-sensitive 
components of aggregate demand: business and 
residential investment. Chart 1 and Chart 2 show 
the change in these variables (relative to trend) 

that ToTEM Il attributes to spread shocks. In both 
cases, the estimated impact of the spread shocks is 
modest. 


According to ToTEM Il, widening spreads are esti- 
mated to have caused business investment to 
decline to around 3.0 per cent below trend, before 
starting to recover. During the recession, however, 
actual business investment fell to more than 20 per 
cent below trend. Thus, our calculations suggest that 


8 For example, Bernanke, Gertler and Gilchrist (1999) derive a model in 
which the risk spread a firm must pay to borrow is a function of its lever- 
age ratio. Similarly, Basant Roi and Mendes (2007) assume that the risk 
spread faced by a household depends on the household’s ratio of debt 
to housing wealth. 


Chart 1: Business investment 
Deviation from trend 


2006 2007 2008 2009 2010 2011 
Quarters 


Source: ToTEM II simulations 


Chart 2: Residential investment 
Deviation from trend 


2006 2007 2008 2009 2010 2011 
Quarters 


Source: ToTEM II simulations 


less than one-fifth of the decline in business invest- 
ment can be attributed to greater spreads. 


The fraction of the decline in residential investment 
caused by increased spreads is similarly small. The 
increases in spreads are estimated to have caused 
residential investment to decline to around 1.5 per 
cent below trend. In contrast, actual residential 
investment fell to more than 16 per cent below trend. 


Thus, in Canada, the declines in business and resi- 
dential investment were not primarily due to the 
increases in interest rate spreads faced by house- 
holds and firms. Rather, ToTEM Il attributes an 
important role to domestic-demand shocks and the 
decline in economic activity in the rest of the world. 
The sharp contraction of the global economy had a 
substantial impact on Canada by causing a deteri- 
oration in net exports and the terms of trade. This, in 
turn, reduced the incomes of Canadian households 
and firms and contributed to weaker business and 
residential investment. 
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Domestic-demand shocks also played a key role. In 
ToTEM Il, the shocks to consumption and investment 
demand are modelled as shocks to household pref- 
erences and shocks to the production technology, 
respectively. In practice, these shocks were probably 
substitutes for unmodelled financial shocks, as well as 
shocks to uncertainty and confidence. In particular, the 
severity of the financial crisis in the rest of the world 
may have had an adverse impact on confidence and 
uncertainty among Canadian households and firms. 
The confidence and uncertainty effects, in turn, may 
have been a drag on consumption and investment. 

But regardless of their microeconomic interpretation, 
shocks to domestic demand made important contribu- 
tions to the decline in aggregate demand. 


Overall, the story that emerges from ToTEM II sug- 
gests that the recession was not primarily the 
result of changes in risk spreads in Canada.? 
Rather, according to the model, shocks in the rest 
of the world played a central role, as did shocks to 
domestic demand (possibly including the effects of 
unmodelled financial shocks). 


Application: Assessing the 
Macroeconomic Impact of 
Higher Bank Capital and Liquidity 
Requirements 


The recent international banking crisis has sparked 
renewed interest in issues of macroprudential regula- 
tion. For instance, in 2010, the Basel Committee on 
Banking Supervision (BCBS) proposed an increase 

in the minimum required levels of capital and liquidity 
for the banking system.*® This proposal aimed to 
reinforce the stability of the banking sector, thereby 
reducing the probability of a banking crisis in the 
future.** However, the benefits of a less-leveraged and 
more liquid banking system must be weighed against 
the associated economic costs. For instance, during 
the transition toward tighter capital and liquidity 
requirements, banks could reduce the supply of credit 
or increase interest rate spreads—actions that would 
have a negative impact on economic activity. 


9 Itis possible, however, that the credit market effect is not fully cap- 
tured by the increase in spreads. Banks and other lenders may have 
also restricted quantitative access to credit. Insofar as they did ration 
credit, the TOTEM II analysis may understate the full impact of financial 
developments. 

10 See BIS (2010). 

11 There have also been other proposals aimed at strengthening the stabil- 
ity of the banking sector. For instance, Basel Ill considers the adoption 
of countercyclical capital buffers. Meh (2011) examines how such an 
initiative would affect the transmission and propagation of shocks in an 
article in this issue of the Review. 


To help determine the appropriate calibration of the 
BCBS proposal, the Financial Stability Board and 

the BCBS conducted two studies to evaluate the 
macroeconomic impact of higher capital and liquidity 
requirements. These studies assessed the benefits 
and costs of the new standards over (i) the longer- 
term period when the proposals are fully imple- 
mented, and (ii) the initial transition period, during 
which the new standards will be introduced. Bank of 
Canada staff participated in both international studies. 
The Bank also carried out its own assessment of the 
implications of these new standards for the Canadian 
financial system and economy. 


In this section, we review how ToTEM II was used 

to assess the transitional macroeconomic impact 

of higher steady-state capital and liquidity require- 
ments for the Canadian banking system. Two dif- 
ferent proposals were considered: (i) an increase of 

1 percentage point in the banks’ capital ratio, and (ii) 
an increase of 25 per cent in the liquid asset ratio.’? 
We examine the impact of these proposals under the 
assumption that they are implemented over a four- 
year period. 


Since the structure of ToTEM II does not directly 
incorporate a banking sector, a two-step approach 
proposed by the Macroeconomic Assessment 
Group of the Bank for International Settlements was 
followed to assess the macroeconomic impact of 
tighter regulation.** First, the impact of higher cap- 
ital and liquidity requirements on the interest rate 
spreads faced by households and firms was esti- 
mated using linear regression models.'* The paths 
of the spreads implied by the regression models 
were then imposed in ToTEM II to generate simulated 
paths for key macroeconomic variables. 


Before turning to the results, it is important to re- 
emphasize that the BCBS proposals are envisaged 
as part of a coordinated set of international regulatory 
changes. In the results presented below, however, we 
assume that regulatory requirements in the rest of the 
world remain unchanged. Global tightening of regu- 
latory requirements could amplify the effects of the 
changes in Canada. De Resende and Lalonde (2011) 
use the BoC-GEM-FIN model to examine the effects 
of global tightening of regulatory requirements for 
Canada in an article in this issue of the Review. 


12 Details on the methodology used to evaluate the macroeconomic im- 
pact of higher capital and liquidity requirements can be found in Dorich 
and Zhang (2010). 

13 For details on this two-step approach, see BIS (2010). 

14 For details on the regression methodology, see Bank of Canada (2010). 
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An increase of 1 percentage point in the 
capital ratio 


The increase in the capital ratio generates an 
increase in the spreads on short- and long-term 
interest rates faced by households and firms. 
According to the regression models, an increase 

of 1 percentage point in the capital ratio ultimately 
leads to an increase of 14 basis points in the spreads 
as banks adjust their lending behaviour (Table 1). 


Table 2 presents the transitional impact of this 
change in the capital ratio on output, consumption, 
investment, exports, imports, the policy rate and 
core inflation.'* The increase in interest rate spreads 
Causes an increase in the effective interest rates 
faced by households, which gives households an 
incentive to postpone consumption. This leads to a 
0.7 per cent decrease in consumption, relative to its 
baseline level, four years after implementation.*® 


Table 1: Impact of regulatory policies on interest rate spreads 
Measured in basis points 








Years after implementation 





Capital target increases 
1 percentage point 









Liquidity ratio increases 


25 per cent 14.9 


Table 2: Impact of a 1-percentage-point increase 
in the capital ratio 






Years after implementation 






































1.0 2.0 
Output -0.1 -0.1 -0.2 -0.3 
Consumption ca Py -0.6 207 
Investment -0.3 -0.5 -0.6 -0.7 
Exports 0.3 04 | 06 0.4 
Imports il -0.2 -0.3 -0.4 -0.5 
Policy rate (bps) -5.5 -5.0 -2.0 -2.0 
Inflation (bps) -2.3 -1.0 1.0 0.0 
Note: 


—- 


. All quantity variables are expressed as a percentage deviation from 
the baseline. 
2. The policy rate is expressed as a basis-point deviation from the base- 
line at an annual rate. 
3. The inflation rate is expressed as a basis-point deviation from the 
baseline of the year-over-year basis-point change in the level of core 
consumer prices. 


15 The availability of alternative sources of financing for non-financial 
corporations may weaken the impact of changes in the banking sector on 
economic activity. In the simulations presented here, it is assumed that the 
higher spreads will be passed on to all households and firms. However, 
large corporate firms could issue debt in capital markets at a lower cost. 

16 The baseline level refers to the level that would prevail without any new 
regulatory measure. 


The increase in spreads affects investment through 
two different channels. First, the effective rate at 
which firms discount future real profits increases. 
This means that the net present value of future 
profits is reduced and, consequently, the demand 
for investment is reduced. Second, the reduc- 

tion in the demand for consumption reduces the 
demand for capital by firms that produce consump- 
tion goods and services. These two effects cause 
investment to drop 0.7 per cent below its baseline 
level after four years. 


In the model, the decline in consumption and invest- 
ment puts downward pressures on output and 
prices. This, in turn, leads to a small temporary 
reduction in the policy rate in order to stabilize infla- 
tion during the transition. On the trade side, the 
reduction in the policy rate generates a depreciation 
in the real exchange rate, making Canadian exports 
cheaper for the rest of the world. Exports con- 
sequently increase by 0.4 per cent four years after 
implementation. Moreover, the real depreciation of 
the Canadian dollar, combined with decreased con- 
sumption and investment demand, causes imports 
to decrease by 0.5 per cent over four years. 


The decrease in consumption and investment, par- 
tially offset by the increase in net exports, leads to 

a decrease of 0.3 per cent in the gross domestic 
product, relative to the baseline, four years after the 
implementation of the new capital ratio. If, however, 
the regulatory changes are implemented globally, 
then the impact on output could be greater because 
of a weaker offset from net exports. De Resende 
and Lalonde (2011) discuss the implications of global 
implementation in greater detail. 


An increase of 25 per cent in the liquid 
asset ratio 


The increase in the liquid asset ratio translates into 
wider interest rate spreads faced by households and 
firms. According to the linear regression models, 

an increase of 25 per cent in the liquid asset ratio 
results in an increase of 15 basis points in spreads 
in the long run. The magnitude is roughly speaking 
equal to the impact of higher capital requirements 
on spreads. The impact of greater liquidity require- 
ments on interest rate spreads is estimated to be 
very similar to the impact of tighter capital require- 
ments. Hence, the estimated macroeconomic impact 
of these two regulatory measures is quantitatively 
very similar. 
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Comparing costs and benefits 


In this article, we have considered only the transi- 
tional costs of higher capital and liquidity require- 
ments. A complete assessment of the proposals 
requires the transitional costs to be added to the 
long-term costs and then weighed against the 
expected benefits. The benefits come in the form 
of a reduced probability of future financial crises, 
as well as a decrease in the severity of any future 
crises, smoother economic cycles and lowered 
risk of overinvestment problems. Based on con- 
servative estimates of the costs of financial crises, 
Bank of Canada (2010) finds that the benefits of the 
proposed regulatory changes would outweigh the 
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The BoC-GEM-Fin: Banking in the 
Global Economy 


Carlos de Resende and René Lalonde, International Economic Analysis Department 


e The 2007-09 financial crisis demonstrated the sig- 
nificant interdependence between banks and the 
real economy. To capture this relationship, policy 
models must take into account the role of financial 
shocks and the influence of the banking system on 
the propagation and amplification of real shocks. 


e The Bank of Canada’s Global Economy Model 
with Financial Frictions (BoC-GEM-Fin) is a multi- 
regional dynamic stochastic general-equilibrium 
model of the world economy that features a 
banking system, including an interbank market 
and cross-border lending. Analysis based on the 
model helps us understand and quantify 


— the impact of shocks to the U.S. banking sector 
on credit conditions and real economic activity in 
Canada. 


— the observed positive co-movement between 
consumption and investment within each econ- 
omy and across economies. Explaining the latter 
is notoriously difficult for models that rely only on 
traditional trade linkages. 


— the short-term impact on output of changes in 
the regulatory limits to bank leverage in Canada. 


onstrated the interdependence between the 

financial sector and the real economy and 
the interconnectedness of the global economy. It 
became apparent that the existing policy models, 
which treat the banking sector as a passive element 
in the economy—simply intermediating funds from 
savers to borrowers—could not explain the causes 
and effects of the crisis, nor indicate the appropriate 
policy response. 


Te 2007-09 financial crisis dramatically dem- 


The crisis triggered a wave of studies 
aimed at incorporating an active 
banking system into standard 
macroeconomic models 


Indeed, the crisis triggered a wave of studies aimed 
at incorporating an active banking system into stan- 
dard macroeconomic models. This article describes 
one such initiative, the Bank of Canada’s version of 
the Global Economy Model with Financial Frictions 
(BoC-GEM-Fin).' 


The two key-features of the model are (i) a multi- 
regional dimension and (ii) the explicit modelling of 
the interaction between the banking system and 
the real economy. A multi-region model captures 
the spillover of shocks across economies. With all 
of the regional blocks connected by bilateral trade, 
exchange rates and financial linkages, the inter- 
national transmission of shocks is an important 
propagation mechanism. In addition, rather than 
being a frictionless bridge between savers and 


1 Other studies conducted at the Bank, even prior to the financial crisis, 
that highlight the importance of financial channels for the macroecon- 
omy include Christensen and Dib (2006), Meh and Moran (2010) and 
Christensen, Meh and Moran (2010). 
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borrowers, banks in the BoC-GEM-Fin play two 
important roles: propagating, even amplifying, the 
effects of real shocks; and serving as sources of 
financial shocks. Cross-border lending by banks pro- 
vides an additional mechanism for the international 
transmission of shocks. These features not only add 
realism to the model, but also permit the study of 
the international transmission of shocks (including 
banking sector shocks), monetary policy in the pres- 
ence of banking-system distress and the macro- 
economic effects of bank regulation. 


The article is organized as follows. First we describe 
the model, focusing on the banking sector. We then 
present the response of selected Canadian and U.S. 
macroeconomic variables to a “credit crunch” (i.e., 
an exogenous reduction in the supply of loans) in the 
United States and discuss recent related research 
based on BoC-GEM-Fin. We conclude with a look at 
future development and applications of the model. 


BoC-GEM-Fin 


The BoC-GEM-Fin follows the Bank’s long tradition of 
using state-of-the-art economic models as analytical 
tools in the policy-decision-making process.” The 
model is a multi-sector dynamic stochastic general- 
equilibrium (DSGE) model in which economic agents 
make consumption, savings, pricing and production 
decisions based on optimizing behaviour. In this class 
of models, the supply and demand profiles for goods, 
labour, capital and financial assets are explicitly mod- 
elled, implying endogenous paths for prices that clear 
those markets. 


The model is a multi-sector 
DSGE model in which economic 
agents make decisions based 
on optimizing behaviour 


The model features a multi-region world economy 
in which bilateral trade and exchange rates are fully 
endogenous.® The five regional blocks are Canada, 
the United States, emerging Asia, the commodity- 
exporting countries and the rest of the world.* The 


See Duguay and Longworth (1998). 

The model builds on a previous version, BoC-GEM (Lalonde and Muir 
2007, 2009), which itself is based on the original GEM developed at the 
International Monetary Fund. See Pesenti (2008). 

4 The residual economy represents the European Union (EU), Japan 

and Africa. A six-region version of the model, with a separate block for 
Japan, is currentiy under development. 
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prices of oil and non-energy commodities are deter- 
mined in global markets, providing an important 
mechanism for the transmission of foreign shocks, 
particularly to commodity-oriented economies, 
such as Canada. Each regional block consists of 
households; a multi-tiered production sector, which 
includes risk-neutral entrepreneurs, capital produ- 
cers, monopolistically competitive retail firms and 
perfectly competitive wholesale firms; and a fiscal 
and a monetary authority.® ° 


The calibration of the model’s parameters—to map 
the model to the data—is described in more detail 

in Lalonde and Muir (2007) and de Resende et al. 
(forthcoming). In general, calibration is based on the 
statistical properties of relevant data, as well as on 
values estimated in microeconomic studies and used 
in other DSGE models. 


This article focuses on two key changes in the BoC- 
GEM-Fin, relative to the previous version of the model 
(BoC-GEM); namely the introduction of (i) the so- 
called “financial-accelerator mechanism” (Bernanke, 
Gertler and Gilchrist 1999) and (ii) active banks that 
interact in an interbank market and lend to domestic 
and foreign entrepreneurs, based on Dib (2010 a, 

b). Below, we briefly describe the changes intro- 
duced to the real side of the economy, focusing on 
households and entrepreneurs—where the supply 
and demand of credit originate, respectively—and 
then describe the banking sector—where supply and 
demand of credit meet. 


This linkage between households’ 
savings and loans to entrepreneurs Is 
one of the important changes relative 

to the previous version 


Households work, consume final goods and save. 
Savings can be held in domestic and U.S. govern- 
ment bonds, domestic bank deposits and domestic 
bank capital. Deposits and bank capital are the pri- 
mary source of funds for intermediation in the banking 
system, where they become loans to finance invest- 
ment projects. This linkage between households’ 
savings and loans to entrepreneurs—through the 
banking system—is a major component of the supply 


5 The government levies taxes and spends on non-tradable, consumption 
and investment goods, while the monetary authority follows a Taylor- 
type rule in reaction to core inflation. 

6 The production structure is essentially the same as that in the BoC- 
GEM. 


of credit in the BoC-GEM-Fin and one of the important 
changes relative to the previous version. 


Entrepreneurs purchase capital using their own 
resources—entrepreneurial net worth—and bank 
loans. They rent the purchased capital to firms, 
where it will be used to produce goods. While the 
link from savings to loans is important for the supply 
of credit, the entrepreneurs’ decisions determine 
the demand for credit.’ Because capital purchases 
require some external funding (bank loans), the 
demand for credit in the BoC-GEM-Fin is directly 
tied to the entrepreneurs’ demand for capital. Any 
disruption to the credit supply reduces the funds 
available to entrepreneurs, depressing investment 
and output. 


The loan contract between entrepreneurs and banks 
reflects a source of financial friction, namely asym- 
metric information. In particular, entrepreneurs 
experience shocks to investment projects that only 
they—not the banks—observe. Thus, borrowing 
entrepreneurs know the return on their investment, 
but banks do not. This lack of information is costly 
for banks because when an adverse shock is severe 
enough—an unsuccessful investment project— 
entrepreneurs may default on bank loans. Banks can 
pay a monitoring cost (e.g., credit-risk specialists) to 
help identify the threshold level of the shock that trig- 
gers default and, in the event of default, pay agency 
costs (e.g., lawyers) to retrieve part of the principal 
plus the liquidation value of the unsuccessful project. 


A contract that resolves the problem of asymmetric 
information must constrain the amount of loans 
desired by entrepreneurs, while fully compensating 
the banks for the risks involved. Note that, for a given 
value of entrepreneurial net worth, a greater desire to 
purchase capital implies that entrepreneurs must rely 
increasingly on loans to fund their projects. From the 
bank’s viewpoint, this increases the risk associated 
with the loan. In the BoC-GEM-Fin, the loan contract 
implies a risk premium that depends inversely on the 
entrepreneurs’ leverage ratio, i.e., the ratio between 
loans and internal funding (net worth).® 


The banking system 


The banking sector within the BoC-GEM-Fin is 
based on Dib (2010a, b) and features two types of 
optimizing, monopolistic competitive banks: deposit 


7 Entrepreneurs are solely responsible for the demand for credit in the 
economy. Future versions of the model will include credit to households. 

8 The relationship between the risk premium and net worth is captured by 
a reduced-form equation, following Dib (2010a, b). 


banks and lending banks. These two types of banks 
may be thought of as single banks, each having two 
distinct profit-maximizing operational divisions. One 
division acts purely as a deposit bank, collecting fully 
insured deposits from households, paying a deposit 
interest rate and optimally allocating the deposits 
into two types of assets: risky interbank loans or 
government bonds. The second division, a corporate 
loans division, acts as a lending bank, using the 
funds borrowed from its own depositors and other 
domestic banks, together with bank capital raised 
from households, to supply loans to entrepreneurs 
(domestic and foreign), and charging a lending 
interest rate. 


Deposit banks allocate deposits between domestic 
interbank lending and domestic government bonds. 
Given their asset portfolio, the rate of return earned 
by deposit banks is a weighted average of the risk- 
adjusted interbank rate and the rate on government 
bonds. The financial frictions affecting deposit banks 
are the monitoring and agency costs associated with 
potential default on interbank loans. The monopoly 
power of individual banks determines the deposit 
rate as a markdown over the net marginal return on 
their assets. The distortions introduced by the prob- 
ability of default and the monopoly power of banks 
create a wedge between the deposit rate and the 
interbank rate. Optimization motivates deposit banks 
to allocate a higher share of deposits to risky inter- 
bank loans when the interbank rate increases relative 
to the rate on government bonds, and as either the 
probability of default on interbank loans or the mar- 
ginal costs associated with monitoring and agency 
issues decrease. 


Lending banks borrow in the interbank market and 
raise bank capital. Banks use these funds to provide 
loans to entrepreneurs. From the viewpoint of house- 
holds, bank capital is a risky asset whose return 

is uncertain because the gross return is known 

only after the investment decision takes place, 

and lending banks may divert their profits to non- 
productive activities (e.g., large bonuses for bank 
managers) instead of paying the expected return to 
investors. During intermediation, lending banks opti- 
mally decide the lending rate, the share of borrowed 
funds that will not be repaid (default on interbank 
loans), the fraction of the return on bank capital that 
will be diverted, the demand for bank capital and the 
supply of loans.°® 


9 The BoC-GEM-Fin, unlike the previous version, provides implications 
for multiple interest rates: deposit, lending, interbank and policy rates. 
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As with deposit banks, some degree of monopoly 
power allows lending banks to set rates as a markup 
over their marginal cost (i.e., the costs of interbank 
borrowing and raising bank capital). Financial fric- 
tions also apply to lending banks when deciding 

(i) the optimal share of interbank loans to be 
defaulted and (ii) the optimal fraction of the return 

on bank capital to be diverted. These decisions may 
result in legal costs and fees that increase with the 
amounts involved. The higher these penalties are, the 
less the likelihood of default and/or diverted returns. 
However, a higher policy interest rate increases the 
net benefit of default and the likelihood of profits 
being diverted. These distortions generate a wedge 
between the interbank rate and the lending rate, and 
affect the propagation of shocks in the model. 


When lending banks decide their optimal demand 
for bank capital and the amount of loans supplied 
to entrepreneurs, they are, in fact, determining 

their desired bank leverage ratio, defined as the 
ratio of loans to bank capital. The optimal bank 
leverage ratio decreases as the lending rate rises 
(less demand for loans in equilibrium) and increases 
with the marginal cost of raising bank capital (less 
bank capital in equilibrium). In the BoC-GEM-Fin, 
lending banks must satisfy a maximum leverage ratio 
(or minimum capital requirement) established by 
regulators. Agents use this regulatory cap on bank 
leverage to benchmark banks’ current capital ratio, 
so that well-capitalized banks (i.e., less leveraged) 
can issue equity at a lower cost. Thus, banks have 
an incentive to keep a “capital buffer” above the 
minimum required by regulation. As well, the upper 
limit on leverage becomes an additional instrument 
available to policy-makers, and changes in that limit 
have important implications for bank behaviour, 
affecting the supply of loans, interest rates, invest- 
ment and output. If banks exceed that limit, they 
must deleverage, either by reducing risky loans or by 
raising additional bank capital.’° 


In the BoC-GEM-Fin, the banking sector also plays 
an important role in the international transmission 
of shocks. Without the banking system, shocks ori- 
ginating in one region propagate to another region 
exclusively through bilateral trade flows, adjust- 
ments in exchange rates and changes in the prices 
of oil and non-energy commodities. The presence 
of cross-border lending in the BoC-GEM-Fin means 
that changes in credit conditions in one region 


10 The gain from keeping more capital than required by the regulation of 
leverage ratio, as well as the agency and monitoring costs, in the bank- 
ing system of the BoC-GEM-Fin is captured in a reduced form, following 
Dib (2010a, b). 
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will affect borrowing costs in another region, with 
consequences for investment and output beyond 
those related to the trade channel." 


In the BoC-GEM-Fin, the banking 
sector also plays an important role 
in the international transmission 
of shocks 


The demand for credit depends heavily on entrepre- 
neurial net worth. Wealthier entrepreneurs require 
fewer bank loans for their projects. However, the 
lower cost of external financing because of greater 
net worth induces a higher demand for loans. Net 
worth has two important properties: (i) it is pro- 
cyclical; i.e., it tends to increase with profits and 
asset prices, which in turn, rise during economic 
booms and fall during recessions; and (ii) it is per- 
sistent, since it takes time to accumulate. Given 

the loan contract described earlier, these proper- 
ties imply movements in the risk premium that are 
countercyclical and long lasting, contributing to the 
amplification and propagation of shocks. Consider, 
for example, a demand-driven economic boom that 
increases consumption, output and profits, and 
leads to greater entrepreneurial net worth. New loan 
contracts reflect the reduction in the banks’ exposure 
to risk, and entrepreneurs pay lower risk premiums. 
As external funding becomes more affordable, 
entrepreneurs invest more, inducing a second-round 
boost to aggregate demand, output and net worth, 
which reduces the risk premium even further, and so 
on. The initial demand shock is amplified through the 
interaction of banks and entrepreneurs. This is the 
financial-accelerator mechanism. 


The debt-deflation mechanism is another channel 
affecting the demand for credit and the propaga- 
tion of shocks in the BOC-GEM-Fin. Since all debt 
contracts, including bank loans, are denominated in 
nominal terms, unanticipated price-level increases 
depress the real value of debt. Wealth is trans- 
ferred from creditors to debtors. Therefore, higher 
unexpected inflation increases the net worth of 
indebted entrepreneurs, reduces the risk premium 
and increases investment and output. Notice that 


11 The international financial channels may still not be fully captured in the 
current version of the model, which features only direct cross-border 
lending to entrepreneurs but not lending between banks in different 
regions. Bank staff are working on a future version that will incorporate 
international interbank lending. 


this channel reinforces the financial-accelerator 
mechanism following demand shocks that drive up 
both output and inflation, but dampens its effect 
after a positive supply shock that raises output but 
reduces inflation. 


On the supply side of credit, the main mechanism 

at work is the bank-capital channel. Shocks that 
affect asset prices also alter the value of bank cap- 
ital. To keep their capital-adequacy ratio within regu- 
latory limits and adjust the desired capital buffer, 
banks optimally change their actual leverage ratio. 
This has implications for the supply of loans, which 
in turn, will affect investment and output. 


Model Properties and Policy 
Experiments 


Shocks to the U.S. banking sector 


To illustrate some of the models’ properties, we 
examine the response of selected variables to an 
exogenous persistent fall in the supply of loans in 
United States.'* The shock can be interpreted as 

an exogenous tightening of credit standards in the 
United States, as observed during the recent finan- 
cial crisis—a “credit crunch.” Our discussion focuses 
on the responses of the U.S. and the Canadian 
economies. 


In the United States, such a drop in the supply of 
loans leads to increases in both the U.S. lending 
rate and the risk premium, a fall in investment and a 
recession (Chart 1). Since borrowing becomes more 
expensive, entrepreneurs reduce their purchases of 
capital goods. The corresponding decline in invest- 
ment leads to lower economic activity and inflation. 
As household income falls, consumption follows. 
With less demand for goods and lower sales, the 
demand for capital decreases, and entrepreneurial 
net worth starts falling, inducing a second-round 
increase in the risk premium (financial-accelerator 
mechanism). In addition, the unanticipated decrease 
in U.S. inflation raises the real value of entrepreneurs’ 
bank loans (debt-deflation mechanism), reinforcing 
the initial fall in net worth and adding to the initial 
increase in the risk premium. Both mechanisms 
amplify the decline in economic activity.** 


The tighter credit conditions in the United States are 
transmitted to Canada (and other regions) through 


12 For a detailed description of the response of the model to other stylized 
shocks, see de Resende et al. (forthcoming). 

13 The reaction of monetary policy to lower inflation—a reduction in inter- 
est rates—partially offsets the full impact of the credit crunch. 


three channels (Chart 2). First, the decline in U.S. 
economic activity reduces U.S. imports from all 
regions, negatively affecting output abroad—the 
traditional trade channel. This is especially true for 
Canada, given its close trade relationship with the 
United States. Second, slower economic activity 

in the United States and in the rest of the world 
reduces the demand for oil and non-energy com- 
modities. The prices of these commodities fall, 
creating a negative wealth effect in commodity- 
exporting regions like Canada. This commodity-price 
channel exacerbates the decrease in Canadian con- 
sumption and output. These two channels reduce 
the net worth of Canadian entrepreneurs, triggering 
the financial-accelerator mechanism, which generates 
negative second-round effects on Canadian invest- 
ment and output. As inflation falls in Canada, the 
debt-deflation mechanism further amplifies the eco- 
nomic downturn. Note that the larger decrease in 
U.S. output (and inflation) relative to that in Canada 
leads to a larger drop in U.S. policy rates. This differ- 
ence in interest rates causes the Canadian dollar to 
appreciate in real terms against the U.S. dollar in the 
short term. Eventually, the effect of lower commodity 
prices dominates, implying a real depreciation of the 
Canadian dollar. 


Simulations with the BoC-GEM-Fin 
suggest that the transmission of shocks 
originating in the U.S. banking sector 
to the global economy—particularly 
Canada—is very important 


The third transmission channel is the bilateral flow of 
bank loans. Since Canadian entrepreneurs finance 
some of their capital acquisition by borrowing from 
U.S. lending banks, the U.S. credit crunch directly 
affects their access to external funding.** Beaton, 
Lalonde and Snudden (2010) show that this channel 
typically explains roughly 20 per cent of the fall in 
Canadian output that follows the reduction in U.S. 
loans.*® Consistent with the observations of the 
recent financial crisis, simulations with the BoC- 
GEM-Fin suggest that the transmission of shocks 


14 Because the shares of loans demanded by domestic entrepreneurs 
from domestic and foreign banks are currently fixed, Canadian banks 
do not make up for the loss in loans supplied by foreign banks. A future 
version of the model will allow those shares to be optimally decided. 

15 In this case, the fall in Canadian output is about two-thirds of that in 
U.S. output. 
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Chart 1: Effects on the United States of an exogenous reduction in U.S. bank loans 
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Chart 1: (cont’d) 
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Chart 2: Effects on Canada of an exogenous reduction in U.S. bank loans 
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Chart 2: Effects on Canada of an exogenous reduction in U.S. bank loans (cont’d) 
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originating in the U.S. banking sector to the global 
economy—particularly Canada—is very important. 
Similar conclusions hold for other types of shocks 
to the U.S. banking sector, such as increases in the 
probability of default in the interbank market (i.e., the 
collapse of Lehman Brothers). 


Recent applications of the BoC-GEM-Fin 


The global economic and financial dimensions of the 
recent crisis have raised many questions that can be 
better addressed by a model of the global economy 
with financial frictions, like the BoC-GEM-Fin. 


The role of real-financial linkages in propagating 
U.S. shocks to Canada 

The importance of cross-border financial linkages is 
illustrated by Beaton, Lalonde and Snudden (2010), 
who use the BoC-GEM-Fin to address two questions: 


1. How are U.S. banking sector shocks transmitted to 
the Canadian economy? 
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2. What is the role of financial frictions in the trans- 
mission of real shocks originating in the United 
States to the Canadian economy? 


The authors simulate two types of shocks to the U.S. 
banking sector: (i) a reduction in the supply of bank 
loans and (ii) an increase in the probability of default 
in the interbank market. To answer question 2, the 
authors simulate demand and productivity shocks in 
the U.S. economy and compare the responses of the 
U.S. and Canadian economies with those obtained 
when financial frictions are excluded from the model. 


The results suggest that the shocks to the U.S. 
banking sector have important effects on credit 
conditions and real activity in Canada. As discussed 
previously, the response of Canadian output to 
shocks in the U.S. banking sector is sizable and can 
be explained by channels associated with the real 
side of the economy and with the international flow 
of bank loans. Moreover, financial frictions from the 


supply (bank-capital channel) and demand (financial 
accelerator) of credit can amplify the responses of 
the U.S. and Canadian economies to all types of 
shocks that affect U.S. real variables. One final result 
illustrates how the financial shocks and frictions 

in the BoC-GEM-Fin help to explain the observed 
positive co-movement between consumption and 
investment within each economy and between the 
two economies. Explaining these co-movements is 
notoriously difficult with models that rely on only the 
traditional trade linkages. 


Inflation targeting versus price-level targeting: 
banking sector shocks and the lower bound on 
interest rates 

The Bank of Canada has recently conducted several 
studies on the merits of the current monetary policy 
framework based on inflation targeting (IT), relative 

to a framework based on a price-level target (PLT). 
These studies (for example, Coletti and Lalonde 
2007-08; Kryvtsov, Shukayev and Ueberfeldt 2008) 
focus mainly on the responses to standard real 
shocks, and do not consider shocks originating in 
the banking system. The choice between IT and PLT 
received renewed interest during the recent crisis, and 
it has been suggested that PLT might be more suc- 
cessful in limiting the variability in inflation and eco- 
nomic activity when the desired policy rate is close to 
the zero lower bound (Ambler 2009). 


Beaton, Evans and Lalonde (forthcoming) analyze the 
relative performance of the two regimes in reducing 
the variance of inflation and the output gap in the 
presence of shocks to the U.S. and Canadian banking 
sectors. In light of the recent global crisis, it is cru- 
cial to understand the relative merits of IT/PLT under 
shocks to the banking system, something that could 
not be accomplished with previous versions of the 
model. 


Their results confirm previous findings that, in the 
context of monetary policy based on optimized 
interest rate rules, PLT generates more macro- 
economic stability than IT when the economy is hit 
by shocks that cause inflation and output to move in 
the same direction, such as demand shocks. Those 
shocks, like banking sector shocks, imply a more 
favourable trade-off between inflation and output 
gap variability faced by the central bank (Coletti and 
Lalonde 2007-08). 


Because the new model incorporates the banking 
system, the authors consider the best monetary 
policy response under both IT and PLT in the event 
of a “banking crisis” that pushes nominal interest 
rates close to the zero lower bound. Their results 


suggest that, with PLT, the trough in the output gap 
and inflation during a banking crisis would be sub- 
stantially reduced, relative to IT. The explanation is 
that when nominal interest rates are close to zero, 
the only practical way to reduce the real interest 
rate (i.e., the nominal interest rate minus expected 
inflation) and mitigate the fall in output is by gen- 
erating higher expected inflation, something more 
easily achieved under PLT. The lower real interest 
rate under PLT, relative to IT, reduces the severity 
of the recession. Finally, depending on the severity 
of the crisis, the authors find evidence that, under 
PLT, policy rates need to be maintained at the lower 
bound for a shorter period.'® The benefit of PLT in 
the presence of banking sector shocks is also asso- 
ciated with the fact that PLT is better at minimizing 
the distortions caused by the debt-deflation mech- 
anism on risk premiums (Dib, Mendicino and Zhang 
2008). 


Regulation of bank capital 

Following the recent financial crisis, policy-makers 
investigated policies to mitigate the destabilizing 
effects of excessive leverage in the banking system. 
One important aspect of the “macroprudential rules” 
currently being considered is the implementation of 
tighter bank-capital requirements.'” Using the BoC- 
GEM-Fin, de Resende, Dib and Perevalov (2010) 
study the short-term cost of this type of regulatory 
policy for Canada. The size of the change and timing 
of implementation follow the discussions of the Basel 
Committee on Banking Supervision, Basel Ill (BCBS 
2010; BIS 2010). The authors show that a permanent 
increase of 2 percentage points in the minimum 
capital-to-loans ratio (i.e., a lower cap on the banks’ 
leverage ratio) imposed on banks in all regions pro- 
duces the following results: 


e Canadian output falls because of an increase in the 
risk premium and a decrease in investment. This 
temporary effect on output reduces the long-term 
benefits — mainly the lower probability of a severe 
banking crisis— associated with the tighter regula- 
tion.*® 


16 Note that these results are robust to optimized rules that exclude the 
“smoothing coefficient” (i.e., a response to the lagged interest rate). 
These results are not unconditional, however, since they hold for the 
particular type of shock in queston (i.e., the banking sector shock) but 
not necessarily for other types of shocks. The PLT/IT comparison also 
abstracts from many of the challenges that PLT might face in practice, 
for example, credibilty and communicating it to the public. 

17 See BCBS (2010), BIS (2010) and Gauthier, He and Souissi (2010) 

18 See the interim report by the BCBS (BIS 2010). In addition, Bank of 
Canada (2010) shows that after subtracting the estimated long-run and 
transition costs of requiring banks to carry more capital and liquidity, 
the net gains in present-value terms would be approximately 13 per cent 
of GDP. 
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e When the changes in regulatory policy are imple- 
mented worldwide, the temporary drop in Canadian 
output is larger than it would be if the changes were 
introduced only in Canada. These spillover effects 
may increase the average negative effect on Can- 
adian output by as much as 0.9 percentage point. 


e¢ Reducing the phase-in period for implementation 
of the new regulatory policy from four years to two 
years implies an additional decrease of 0.3 per- 
centage point in output. Increasing the phase-in 
to six years reduces the decrease in output by 
0.1 percentage point. 


e The monetary policy response is very import- 
ant. If monetary policy does not react to inflation 
outcomes for one year,'? such that the policy rate 
does not fall as fast as it would otherwise, the re- 
sulting higher real interest rate increases the nega- 
tive effect of the change in capital regulation. 


19 That is, either by lowering the policy rate or by using quantitative- or 
credit-easing instruments in response to the decline in inflation resulting 
from the slowdown in economic activity. 
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Conclusions and Future 
Developments 


The BoC-GEM-Fin is currently being used to study 
a number of interesting policy questions, including 
the relative merits of countercyclical bank-capital 
requirements—i.e., rules that allow banks to have 
more leverage during recessions, with stricter 
requirements during economic booms—as well as 
the macroeconomic effects of a monetary policy 
framework based on leaning against financial 
imbalances. 


The BoC-GEM-Fin has already proven to be a very 
useful analytic tool, and further improvements are 
being incorporated. These include an international 
interbank market and household credit. These addi- 
tional features will provide new channels for the 
international propagation of real and financial shocks 
and allow a more in-depth study of the behaviour 

of household balance sheets in times of financial 
distress. 
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Bank Balance Sheets, Deleveraging 
and the Transmission Mechanism 


Césaire Meh, Canadian Economic Analysis Department 


e The depletion of bank capital and the subsequent 
deleveraging by banks played an important role in 
the severity of the recent global financial crisis. 


e The bank-capital channel—the endogenous 
response of bank capital to economic develop- 
ments—can magnify and propagate monetary 
policy actions and other shocks. The strength of 
this amplification depends on the banking sys- 
tem’s capitalization: the less capitalized the bank- 
ing system is, the more bank lending, output and 
inflation respond to shocks. 


e While effective capital regulation will increase 
the resilience of the banking sector to economic 
shocks, it will also affect the monetary policy 
transmission mechanism. In particular, the sta- 
bilization of an economy with a better-capitalized 
banking system will require less-aggressive move- 
ments in the policy rate. Moreover, achieving the 
stabilization benefits of countercyclical capital 
buffers requires proper coordination with 
monetary policy. 


the important role of banks and other finan- 

Cial institutions in transmitting and amplifying 
economic and financial shocks. The responses of 
banks, especially in the United States and Europe, 
to substantial decreases in their capital positions 
helped to turn the initial shock to the U.S. subprime- 
mortgage market into a global cataclysm.’ These 
forces, which peaked after the failure of Lehman 
Brothers, are viewed as key determinants in the 
collapse of aggregate expenditure in the autumn of 
2008 and the resulting large contraction in employ- 
ment and output. Understanding these phenomena 
and their implications for public policy is important 
and requires the use of a macroeconomic framework 
in which financial intermediation matters for resource 
allocation. 


Te recent global financial crisis underscored 


This article investigates the influence of bank capital 
on economic fluctuations, using a macroeconomic 
framework that incorporates an explicit role for finan- 
cial intermediation. The analysis focuses on the role 
of bank capital in the amplification and propagation 
of shocks and examines how weaker bank balance 
sheets can make an economy more vulnerable to 
adverse shocks. It also studies how new macropru- 
dential initiatives such as countercyclical capital buf- 
fers—whose purpose is to make the banking sector 
more resilient to stress—will affect the transmission 
mechanism of monetary policy and other shocks to 
the real economy. 


The first section of the article summarizes the 
macroeconomic models of Meh and Moran (2010) 
and Christensen, Meh and Moran (2010) that incor- 
porate a banking sector. The second section shows 
how endogenous movements in bank capital—the 
bank-capital channel (see Box)—can amplify and 


1 Note that the loss of liquidity in financial markets also contributed to the 
severity of the crisis. 
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propagate shocks to output and inflation. The third 
and fourth sections respectively examine how the 
transmission of shocks depends on the capitaliza- 
tion of the banking system and how financial shocks 
originating in the banking sector can substantially 
affect the real economy. The fifth section illustrates 
the important implications that countercyclical cap- 
ital buffers could have for the transmission and the 
magnification of shocks.” The last section concludes 
by highlighting areas where further research is 
needed. Indeed, this article abstracts from elements, 
such as boom-bust dynamics and associated non- 
linearities that may be important in the discussion 

of the relationship between bank balance sheets 
and the transmission mechanism. The article should 
therefore be viewed as a useful first step in under- 
standing the interaction between bank capital and 
the transmission mechanism, as well as the implica- 
tions of countercyclical capital buffers for monetary 


policy. 


A Macroeconomic Framework 
with Banking 


This section outlines the macroeconomic framework 
with banking that is used to analyze the role of bank 
capital in economic fluctuations. This framework, 
based on Meh and Moran (2010) and Christensen, 
Meh and Moran (2010), is particularly suited to this 
exercise since the condition of bank balance sheets 
is determined endogenously through the important 
role of bank capital in mitigating asymmetric- 
information problems between bankers and their 
creditors.? 


The model includes several nominal and real fric- 
tions, in the spirit of standard New Keynesian 
models (Christiano, Eichenbaum and Evans 2005).* 
Households choose their consumption and leisure to 
maximize expected lifetime utility and deposit their 
savings in banks.* Monopolistically competitive firms 
use capital and labour to produce differentiated 


2 Boivin, Kiley and Mishkin (2010) examine the evolution of the monetary 
policy transmission mechanism over time. 

3 This model was used to contribute to policy debate at the Bank for 
International Settlements (BIS 2010) and the Bank of Canada (Bank of 
Canada 2010). 

4 Following the crisis, many papers emerged to take into account the 
balance sheets of banks in New Keynesian models. See, for example, 
Dib (2010); Van den Heuvel (2008); Angelini, Neri and Panetta (2011); and 
Gertler and Karadi (2011). Also see de Resende and Lalonde (this issue) 
for the use of the Bank of Canada Global Economic Model augmented 
with banking (BoC-GEM-Fin) and Aikman and Vlieghe (2004). 

5 Inthe model, households do not face financial frictions. Examples of 
models where households face collateral constraints include lacoviello 
(2005) and Christensen (this issue). Building models that feature both 
bank capital and household balance sheets is left for future research. 


intermediate goods and face sticky prices. These 
differentiated intermediate goods are then assem- 
bled by competitive firms to obtain the final good. 
Monetary policy is assumed to follow a Taylor rule 
with interest rate smoothing. Such a rule stipulates 
that the monetary authority adjusts the policy rate 
gradually in response to deviations of the inflation 
rate from the target and the output gap. 


Entrepreneurs require external funds to make 
investments. As a result, banks intermediate funds 
between households (dispersed depositors, the 
ultimate lenders) and firms (entrepreneurs, the 
ultimate borrowers).® This intermediation process, 
however, is complicated by two sources of moral 
hazard. The first affects the relationship between 
banks and firms and arises because firms may 
choose to invest in risky projects that yield private 
benefits but have a low probability of success. The 
second source of moral hazard pertains to the rela- 
tionship between banks and households, and stems 
from the fact that banks (to which households dele- 
gate the monitoring of firms) may not monitor appro- 
priately, since monitoring is costly and not publicly 
observable. 


The solution to the model involves an optimal config- 
uration of financial contracts under asymmetric infor- 
mation, building on the seminal work of Holmstrom 
and Tirole (1997). Banks spend resources to monitor 
the behaviour of firms and require that firms invest 
their own funds (net worth) in projects. In turn, a higher 
level of bank capital lessens the moral-hazard problem 
between banks and depositors, and thus the banking 
sector faces less-stringent conditions in its funding 
market. Since raising new bank capital is costly (see 
Box), bank capital is determined, in the short run, 
primarily by retained earnings (internal funds). 


In Meh and Moran (2010), the capital-asset ratio 
necessary to mitigate the asymmetric-information 
problems is determined solely through market disci- 
pline. In contrast, Christensen, Meh and Moran (2010) 
allow for an exogenous regulatory capital requirement 
that can be time varying to increase the resilience of 
the banking system. The model can therefore accom- 
modate countercyclical capital buffers (such as those 
in Basel Ill) whereby banks are required to maintain 

a higher capital-asset ratio in good times than in bad 
times. Under such a rule, banks can draw down their 


6 The present framework focuses on the traditional loan book and not on 
capital-market activities. 

7 This optimal financial contract stems from a principal-agent problem 
featuring a moral-hazard issue, in that bank actions are not publicly ob- 
servable. Because of this asymmetric information, the Modigliani-Miller 
theory does not hold in the model. 
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The Bank-Capital Channel: An Illustration 


The bank-capital channel is the channel through 
which monetary policy actions or other shocks 
affect bank lending by their impact on bank cap- 
ital. Van den Heuvel (2007a) was one of the first 
authors to highlight this channel in the context 

of the monetary policy transmission mechanism. 
Shocks to aggregate demand and supply, as well 
as conditions in real estate markets, may influence 
loan losses (or loan values) and, if not buffered 

by profits, can affect the level of bank capital. 
Adverse (favourable) shocks to the balance sheets 
of banks or financial institutions can entail sharp 
contractions (expansions) in credit, which can in 
turn magnify the effects of such shocks on output 
and inflation (Figure A). For example, after nega- 
tive shocks, banks deleverage by reducing bank 
lending, which is achieved by tightening their loan 
standards and increasing credit spreads. 


Two broad factors contribute to the strength of 
this channel. First, some borrowers are highly 
dependent on banks or financial institutions for 
credit. This dependence implies that if the supply 
of bank loans is severely disrupted, these bor- 
rowers face sizable difficulties and costs in finding 
and forming relationships with new lenders, and 
must therefore curtail their expenditures. The 
second factor is the difficulty that banks face 

in trying to fully insulate their supply of lending 

in response to such shocks, given the difficulty 
of raising capital, especially in times of financial 


stress. The costs of raising capital can come, for 
example, from adverse-selection problems and 
possible pecuniary costs associated with share 
purchases and equity issuances (Jermann and 
Quadrini forthcoming). 


The bank-capital channel resembles the theory of 
the financial-accelerator mechanism (Bernanke, 
Gertler and Gilchrist 1999; Kiyotaki and Moore 
1997). But they are inherently different: the bank- 
capital channel focuses on how the balance 
sheets of banks constrain the supply of credit, 
while the financial-accelerator mechanism focuses 
on how the balance sheets of the ultimate bor- 
rowers constrain the amount they are able to 
borrow. 


Although this article does not aim to explain 

the recent subprime-mortgage market crisis, it 
is interesting to observe that the bank-capital 
channel studied here can qualitatively replicate 
some of the broad dynamics of the recent crisis. 
For example, the fall in the perceived quality of 
banks causes a prolonged deterioration in bank 
capital, a tightening of loan standards, a rise in 
credit spreads, a fall in bank lending, and a sub- 
sequent persistent drop in output. The model, 
however, is silent on the role of liquidity problems 
in the severity of the crisis. 


Figure A: Illustration of how a shock to bank capital affects the economy 
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capital when negative shocks arise and continue 
operating with less pressure to reduce assets. In the 
exercises that follow, the time-varying capital require- 
ment is adjusted in response to the credit gap (devia- 
tion of private credit-to-GDP ratio from its long-run 
trend). The Basel Committee on Banking Supervision 
recently advocated the credit gap as a useful indicator 
of financial vulnerability.® 


The Importance of the 
Bank-Capital Channel in the 
Amplification and Propagation 
of Shocks 


To isolate the role of bank capital in the transmis- 
sion of shocks we conduct a hypothetical policy 
experiment, comparing the economic responses 
following adverse economic shocks under two 
scenarios. The first scenario features an active bank- 
capital channel, where endogenous movements in 
bank capital affect the amount of loans made.® The 
second scenario is similar to the first, except that 
the bank-capital channel is turned off by removing 
the asymmetric-information problem between 
bankers and their creditors. In this experiment, the 
capital requirement is market determined (Meh 

and Moran 2010). The results of this policy experi- 
ment are illustrated in Chart 1, which presents the 
effects of a one-standard-deviation adverse shock to 
productivity.*° 


Based on a reasonable calibration, the key result is 
that the bank-capital channel amplifies and propa- 
gates the effect of shocks on output, investment, 
bank lending and inflation. Indeed, when the bank- 
capital channel is active, the peak decline in bank 
lending is twice as large, and the decline in output 
is much more pronounced. Further, the adverse 
productivity shock has longer-lasting effects on the 
economy: under an active bank-capital channel, 

it takes about 13 quarters for the impact of the 
shock on bank lending and output to bottom out, 


8 For simplicity, the countercyclical capital buffers in the model depend 
only on the credit gap. In practice, they may depend on other variables, 
such as asset prices and credit spreads, and be activated only occa- 
sionally (Chen and Christensen 2010). 

9 This is the baseline economy in Meh and Moran (2010). The monitoring 
cost, which dictates the degree of asymmetric information between 
bankers and their creditors, is calibrated to be in the range of the esti- 
mate of the ratio of bank operating costs to bank assets for developed 
economies (Erosa 2001). For further details on the calibration, see Meh 
and Moran (2010). 

10 The size of the shock measured in percentage points is the same under 
the two scenarios. The monetary policy rule is assumed to remain the 
same under the two scenarios. 
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as opposed to 8 quarters otherwise. Moreover, the 
upward pressure on inflation that typically results 
from an adverse productivity shock is markedly 
higher when the bank-capital channel is present than 
when it is not. This is because the decrease in bank 
lending is greater in the presence of the bank-capital 
channel, and this in turn compounds the effects on 
output and inflation. These results are broadly con- 
sistent with empirical evidence." 


The bank-capital channel amplifies 
and propagates the effect of shocks on 
output, investment, bank lending 
and inflation 


The amplification of shocks through the bank-capital 
channel results primarily from the emergence of 
feedback effects. After a disturbance that causes a 
decrease in economic performance, such as a pro- 
ductivity shock, an adverse feedback loop emerges, 
where falling profitability and asset values lead to 
increased loan losses in the banking sector. The loan 
losses cause a decline in bank capital, leading the 
banking sector to face more-stringent conditions 

in its own funding markets. This disruption in finan- 
cial intermediation leads to a further drop in output, 
investment and asset prices. 


11 Peek and Rosengren (1997, 2000) show that decreases in the capitaliza- 
tion of Japanese banks in the late 1980s adversely affected economic 
activity in regions where these banks had a major presence. Moreover, 
bank-level data (Kishan and Opiela 2000; Van den Heuvel 2007b) 
indicate that poorly capitalized banks reduce lending more significantly 
following monetary policy contractions. Finally, Van den Heuvel (2002) 
shows that U.S. states with banking systems that are less capitalized 
are more sensitive to monetary policy shocks. 





Chart 1: Economic response to an adverse productivity shock in the presence of the bank-capital channel 
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Source: Adapted from Meh and Moran (2010) 


The Impact of a Shock to Bank 
Capital on Economic Activity 


We now consider the effects of a financial shock 

that decreases the net worth of banks. Such a shock 
could result from a fall in the perceived quality of 
their assets (Gertler and Karadi 2011). In the following 
experiment, the size of the shock is a 5 per cent 
decline in asset quality to roughly match the broad 
dynamics of the U.S. subprime-mortgage shock. The 
results are displayed in Chart 2. 


The key finding from this policy experiment is that 
shocks originating in the banking sector can have 
significant and long-lasting macroeconomic effects. 
As illustrated in Chart 2, the sudden deterioration of 
bank capital causes a decline in banks’ capital-asset 
ratios. To restore these ratios to their targeted levels, 
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banks endogenously deleverage by tightening loan 
standards, which leads to a decrease in lending. 


The resulting “credit crunch” directly affects invest- 
ment expenditure within the economy, and asset 
prices Come under pressure. The reduction in invest- 
ment spending and asset prices leads to a reduction 
in incomes (household income, aggregate output 
and business profits) through standard economic 
multiplier effects and wealth effects. These nega- 
tive impacts then affect loan values and bank cap- 
ital, sparking a further round of deleveraging. Thus, 
because of this adverse feedback loop, the final 
effect of a negative shock to banks’ balance sheets 
on aggregate economic activity can be significantly 
and persistently larger than the initial direct effect. 
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Chart 2: Economic response to a negative shock to 


Deviation from steady state 


te 


b. Capital-asset ratio 


= 


— 


Source: Adapted from Meh and Moran (2010) 


BANK BALANCE SHEETS, DELEVERAGING AND THE TRANSMISSION MECHANISM 
BANK OF CANADA REVIEW ® SUMMER 2011 


Economic Response to Shocks 
and the Capitalization of the 
Banking System 


The previous sections show that endogenous 
movements in bank capital amplify and prolong 

the adverse effects of shocks on the economy. The 
following question then emerges: Can a high level of 
bank capital mitigate this amplification mechanism 
when the bank-capital channel is active? 


To examine this question, we conduct a third policy 
experiment, contrasting the responses to shocks 
when the banking sector has more capital with those 
when the banking sector has less capital (baseline in 
the previous sections). The capital-asset ratio in the 
banking sector with more capital is set exogenously 
to be twice as large as that in the banking sector 
with lower capital.’? The monetary policy rule is still 
assumed to be the same for both scenarios. From 
the results reported in Chart 3, the outcome is clear: 
an economy with a banking system that has more 
capital is better able to absorb the adverse effects 
of shocks on bank lending, output and inflation. As 
illustrated in Chart 3, this is because the drop in 
bank lending after the shock is much smaller in the 
economy with abundant bank capital. When the 
banking system has more capital, bank lending and 
output tend to fall by about 5.2 per cent and 

1.5 per cent, respectively, while the fall in bank 
lending is about one and a half times greater and 
the decline in output increases to about 1.8 per cent 
when the banking system is less capitalized. 


An economy with a banking system 
that has more capital is better able to 
absorb the adverse effects of shocks 
on bank lending, output and inflation 


This finding suggests that higher capital makes the 
banking sector more resilient to stress and helps 
dampen the inherent procyclicality of the banking 
system and broader economic cycles. 


12 In this hypothetical case, the banking system is exogenously given 
capital for a given degree of asymmetric information between banks 
and their creditors. See Meh and Moran (2010) for a description of this 
experiment. 





Chart 3: Effects of bank capital on the economic response to an adverse productivity shock 


Deviation from steady state 


a. Output 

% 
0.0 
-0.2 
-0.4 
-0.6 
-0.8 
-1.0 
-1.2 
-1.4 
-1.6 
-1.8 
-2.0 


ER 
o>) 


11 16 21 26 31 36 


Quarters 


c. Short-term interest rate 


0.25 


os 
o>) 


11 16 21 26 Sil 36 
Quarters 


=—- Economy with more bank capital =—— Economy with less bank capital 


Source: Adapted from Meh and Moran (2010) 


Countercyclical Capital Buffers 
and the Transmission Mechanism 
of Monetary Policy and Other 
Shocks 


The experiments discussed above illustrate that the 
amplification and propagation effects of the bank- 
capital channel can be mitigated when the banking 
system is better capitalized. These results are inter- 
esting, since the countercyclical capital buffers 
approved under Basel Ill are intended to reduce the 
procyclicality of the banking system. In doing so, 
however, countercyclical capital buffers will undoubt- 
edly affect the behaviour of the financial system and, 
hence, alter the monetary transmission mechanism 
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as well.'? This section analyzes how countercyclical 
capital buffers are likely to affect the transmission 
mechanism of shocks.** 


In principle, countercyclical capital buffers can 
have two benefits. First and foremost, they can 
make financial crises less frequent and less severe 
if they do occur (BCBS 2010a; Bank of Canada 
2010). Second, they can help dampen economic 
cycles.’ Since Christensen, Meh and Moran (2010) 
abstract from modelling the endogenous occur- 
rence of crises, this article focuses only on the 
second benefit. In the experiments that follow, we 


13 Caruana (2011) discusses the conduct of monetary policy in a world 
with macroprudential policy. 

14 Boivin, Lane and Meh (2010) use the same model to examine whether 
monetary policy should be used to lean against the buildup of imbal- 
ances. 

15 Carney (2011) reviews the benefits of countercyclical capital buffers and 
Basel Ill. 
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assume that countercyclical capital requirements 
can range within plus or minus 2 percentage points 
around a steady-state capital-asset ratio equal to 

10 per cent."® Then, holding the monetary policy rule 
unchanged, we compare outcomes in an economy 
with and without countercyclical capital buffers. 


Results suggest that the extent to 
which countercyclical capital buffers 
affect the transmission mechanism 
depends on the nature of the shocks 
hitting the economy 


Results from our model-based simulations suggest 
that the extent to which countercyclical capital buf- 
fers affect the transmission mechanism depends 

on the nature of the shocks hitting the economy. 
Consider, for instance, (demand-type) financial 
shocks that generate simultaneous downward 
pressures on inflation and credit contractions. An 
example of such a shock is the exogenous nega- 
tive shock to bank capital discussed earlier. In this 
case, countercyclical capital buffers and monetary 
policy reinforce each other to simultaneously achieve 
macroeconomic and banking stability. This is illus- 
trated in Chart 4. Countercyclical capital buffers 
help to dampen the decline in bank lending; there- 
fore, a smaller decrease in the interest rate is needed 
to stabilize inflation and output than in the case with 
no countercyclical capital buffers. This arises since 
bank lending, output and inflation all move in the 
same direction in response to the financial shock. As 
a result, the policy actions required to stabilize the 
economy are associated with a loosening of both the 
countercyclical capital buffer and monetary policy. 
There is thus no inherent trade-off between counter- 
cyclical capital buffers and monetary policy when 
the underlying financial shocks act like demand-type 
shocks. 


However, when the underlying shocks affecting 

the economy are (Supply-type) financial shocks 
that cause credit contractions and upward inflation 
pressures, the effort to stabilize the banking system 
through countercyclical capital buffers may pose 
some challenges to the price-stability objective. 

For instance, excessive pessimism about future 


16 This range is broadly in line with the range of 0 to 2.5 per cent for the 
countercyclical capital buffer recently announced by the regulators 
(BCBS 2010b). 
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productivity could lead to credit contractions 

while, at the same time, putting upward pressures 
on inflation (Lorenzoni 2008). This is illustrated in 
Chart 5. Stabilizing credit growth after an adverse 
productivity shock therefore calls for a looser 
countercyclical capital buffer. But loosening the 
countercyclical buffer puts additional upward pres- 
sure on inflation, making it even harder for monetary 
policy to control inflation.’? Indeed, in this case, 
Chart 5 shows that, in the presence of counter- 
cyclical buffers, the interest rate must be increased 
more aggressively to combat inflation than in a world 
without countercyclical capital buffers. 


Overall, these results suggest that the impact of 
countercyclical capital buffers on the transmission 
mechanism of monetary policy and, consequently, 
the nature of the coordination between these two 
tools, depend on the nature of the shocks experi- 
enced by the economy. Demand-type figancial 
shocks pose no inherent trade-offs between stabil- 
izing credit and achieving price stability. In this case, 
the use of countercyclical capital buffers eases the 
pressure on monetary policy, and less-aggressive 
movements in the interest rate would be required 

to achieve economic stability. Supply-type financial 
shocks, however, can generate a tension between 
stabilizing credit and price stability. In this case, 
activating countercyclical capital buffers could make 
it harder to stabilize inflation, and more-aggressive 
movements in the interest rate would be required. 
Under such circumstances, proper coordination 
between the two policy instruments will lead to a 
better policy outcome."® 


17 Loosening the countercyclical capital buffer can cause additional infla- 
tion because such loosening increases credit, which, in turn, leads to a 
rise in aggregate demand, causing a further rise in inflation. 

18 Countercyclical capital buffers should be considered neither a sub- 
stitute for monetary policy nor an all-purpose stabilization instrument. 
Rather, they should be viewed as a useful complement to monetary 
policy in a world in which financial shocks have become an important 
source of economic fluctuations. 





Chart 4: Effects of countercyclical capital requirements following a negative shock to bank capital 
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Chart 5: Effects of countercyclical capital requirements following an adverse productivity shock 
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Chart 5: Effects of countercyclical capital requirements following an adverse productivity shock (cont’d) 
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Conclusion 


The depletion of bank capital and the subsequent 
deleveraging by banks played an important role 

in the severity of the recent global financial crisis. 
To understand the mechanism behind these phe- 
nomena, this article presents a simple macro- 
economic framework in which bank capital emerges 
as the solution to an asymmetric-information 
problem between banks and their creditors. One 
finding is that a more-capitalized banking system is 
better able to absorb the effects of shocks on bank 
lending and the economy. Furthermore, counter- 
cyclical capital buffers can increase the resilience 
of the banking system to adverse shocks, but, in 
doing so, they also alter the transmission mech- 
anism of shocks and monetary policy to the broader 
economy. 


Although the research discussed in the article pro- 
vides important policy insights, it also abstracts from 
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elements that can be important in understanding the 
role of bank capital in the transmission mechanism, 
as well as the implications of countercyclical capital 
buffers for monetary policy. Further research will 

be needed to improve our understanding of these 
issues. For example, more work is required on intro- 
ducing crisis dynamics and the resulting non-linear- 
ities in macroeconomic models.*? Another area that 
needs further work is the interaction between various 
macroprudential tools and their implications for mon- 
etary policy and the transmission mechanism. For 
instance, what are the interactions between counter- 
cyclical capital buffers and more-targeted macro- 
prudential instruments, such as the loan-to-value 
ratio for mortgages? And what are the implications 
of such interactions for monetary policy? Finally, 
another important area of future research will be to 
improve our understanding of the determinants of 
liquidity and of the interaction between liquidity and 
the capital positions of financial intermediaries. 


19 Woodford (2010) took an interesting first step by introducing an 
endogenous probability of crisis in standard macroeconomic models. 
This reduced-form probability of crisis depends on leverage. See also 
Brunnermeier and Sannikov (2011) who examine endogenous risk taking 
in a macroeconomic model with banking. 
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Mortgage Debt and Procyclicality 
In the Housing Market 


lan Christensen, Financial Stability Department 


e Housing market booms and busts have occurred 
in a number of advanced economies and were 
frequently associated with rising leverage. These 
boom-busts misallocate resources and lead to 
large losses on the balance sheets of households 
and financial institutions. Policy-makers and regu- 
lators are keenly interested in understanding how 
these booms and busts emerge and how public 
policy might dampen or prevent them. 


e Rising house prices increase the value of the main 
form of household collateral. Some households 
subsequently increase their borrowing and spend- 
ing on housing and non-housing consumption. 
The higher demand for housing leads to further in- 
creases in house prices since the supply of hous- 
ing is slow to adjust. This mechanism amplifies 
developments in housing markets (procyclicality) 
and is an important ingredient in the emergence of 
booms and busts. 


e Research from a number of countries suggests 
that the setting of the maximum limit on the loan- 
to-value (LTV) ratio on a residential mortgage could 
help to moderate procyclical movements in house 
prices and housing market activity. 


e Models developed at the Bank of Canada and 
elsewhere allow researchers to examine the link 
between the level of the LTV ratio and the degree 
of procyclicality in the housing market. They 
demonstrate that an LTV ratio set at a lower level 
would dampen procyclicality. Varying the LTV ratio 
for mortgages countercyclically could mitigate 
procyclicality even further. 


tion has been focused on the role of mortgage 

finance in house-price dynamics.’ The subprime- 
mortgage crisis that began in 2007 in the United 
States is an extreme example of how easing finan- 
cing conditions can amplify a housing market boom 
and leave the financial system highly vulnerable to 
a bust in house prices. Boom-bust cycles in real 
estate markets are a common precursor to banking 
crises in advanced and emerging economies 
(Reinhart and Rogoff 2009); the most severe and 
costly busts, in terms of lost gross domestic product 
(GDP), arise when the real estate boom is associ- 
ated with the increased leverage of households and 
financial institutions (Crowe et al. 2011). Claessens, 
Kose and Terrones (2008) show that recessions that 
coincide with housing busts tend to last longer and 
be deeper than recessions where no housing bust 
has occurred. They find that, on average, the cumu- 
lative loss to GDP is roughly three times as large 
when a housing bust coincides with a recession. The 
high macroeconomic costs of a bust are due to the 
relatively high direct exposure of the financial system 
to real estate and to the resulting knock-on effects of 
financial system losses to the rest of the economy. 


n the aftermath of the financial crisis, much atten- 


A rising supply of credit, often caused by some form 
of financial liberalization or technological innovation, 
is a characteristic feature of a real estate boom. A 
key mechanism for the boom is feedback between 
rising house prices and household debt that is cre- 
ated because homeowners are able to use their 
houses as collateral. Rising house prices increase 
the value of a household’s collateral and expand 

the capacity of households to accumulate debt. If 
new debt leads to further spending on real estate, 


oh 


Similar concerns exist for commercial real estate. 

2 Other notable examples are the boom-bust cycles in the Nordic coun- 
tries and the United Kingdom between the mid-1980s and early 1990s 
and, more recently, in the United Kingdom and Spain. 
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house prices rise, completing the feedback loop. 
The presence of this effect is associated with greater 
procyclicality in the housing market. In addition, 
some portion of this increased debt capacity may 
also finance non-housing consumption. In this case, 
higher household indebtedness increases the risk of 
default when income falls during the bust phase of 
the cycle. Other factors that are likely to reinforce the 
procyclical movements of house prices are positive 
views on the outlook for the economy and the pres- 
ence of capital inflows from abroad that amplify the 
boom (Tomura 2010). 


In an effort to reduce procyclicality in real estate 
markets and the magnitude of booms and busts, a 
number of countries have altered key elements in their 
regulation of housing finance (CGFS 2010; Wong et 
al. 2011). Many more are considering such measures 
(FSB 2011). One area of focus is the appropriate set- 
ting of the upper cap or maximum loan-to-value (LTV) 
ratio, which defines the minimum down payment 
required to obtain a mortgage for a house purchase. 
A high LTV ratio allows the borrower to tap into more 
debt for a $1 rise in collateral value. This article exam- 
ines amaximum LTV ratio on mortgages through the 
lens of a model developed in Christensen et al. (2009) 
and Christensen and Meh (forthcoming). This model 
provides an environment in which to examine mort- 
gage market regulation, because it features a housing 
market and borrowing-constrained households that 
can borrow up to a specified fraction of the value of 
their real estate wealth. 


In an effort to reduce procyclicality 
in real estate markets, a number 
of countries have altered key elements 
in their regulation of housing finance 


The article begins with a description of the evidence 
linking housing booms and procyclicality to rising 
household credit and leverage. It then reviews some 
of the policies being considered to dampen boom- 
bust cycles in real estate, notably the LTV ratio on 
mortgages. The model is then described and used 
to consider how permanent changes in the LTV 
ratio alter the feedback effects associated with pro- 
cyclicality and the effect of reducing the maximum 
LTV ratio in the face of a rising credit supply. 
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Housing Booms and the 
LTV Ratio in Canada 


Canada has not been a stranger to real estate 
booms and busts in the past: one occurred in the 
mid-1970s and another in the late 1980s (Ahearne et 
al. 2005). Both had long-lasting impacts on the bal- 
ance sheets of Canadian financial intermediaries. In 
fact, the large losses on mortgage loans that trust 
companies experienced during the 1980s were one 
of the factors that led to their ultimate demise. The 
impact on the financial system reflects its exposure 
to real estate. Since the late 1960s, mortgages and 
other debt secured by real estate have averaged 
more than 35 per cent of total private sector credit 
outstanding, and this share has risen over time to its 
current level of more than 57 per cent.* 


Over the past three years, the Government of 
Canada has adopted a number of changes to the 
rules for government-backed insured mortgages,* 
with the objective of supporting “the long-term 
stability of Canada’s housing market”® and “to help 
prevent Canadian households from getting over- 
extended, and acting to prevent some lenders from 
facilitating [this].”"° These changes have resulted in 
lower maximum LTV ratios of 95 per cent for new 
government-backed insured mortgages, 85 per 
cent for mortgage refinancing, and 80 per cent for 
non-owner-occupied properties. These changes 
follow a relaxation of the first two rules between 
2004 and 2007. 


Allen (2010-11) shows that from 1999 to 2004 most 
households with insured mortgages borrowed up to, 
or near, the maximum LTV ratio available at the time 
they purchased a home. Thus, in that period, the 
typical LTV ratio for a newly issued insured mortgage 
was in the range of 90 to 95 per cent. This suggests 
that changes to the maximum LTV ratio could have 
significant effects on housing markets. 


3 This includes residential and non-residential mortgages and lines 
of credit secured by real estate. The share is a proportion of credit 
outstanding and excludes equity, warrants and trust units. All data are 
from the Bank of Canada Banking and Financial Statistics. lf we exclude 
insured mortgages, for which the banks do not bear the losses from 
default, this number is about 48 per cent in the first quarter of 2011. 
This measure does not include direct exposures to construction and 
building-sector loans. 

4 In Canada, the Bank Act states that federally regulated financial institu- 

tions cannot offer mortgages with an LTV ratio higher than 80 per cent, 

unless that mortgage is insured by a government agency (Canada Mort- 

gage and Housing Corporation) or private insurer. Mortgage insurance 

backed by the federal government is available for mortgages with LTV 

ratios up to 95 per cent. 

Government of Canada, press release, 17 January 2011. 

Government of Canada, press release, 16 February 2010. 
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Mortgage Finance and 
Procyclicality: Selected Evidence 


Research from a number of countries finds an 
important relationship between mortgage finance 
and developments in the housing market—a critical 
link in the U.S. subprime-mortgage crisis, as well 
as the boom and bust in the United Kingdom (FSB 
20114). 


Empirical evidence confirms the importance of 
mortgage market rules for macroeconomic fluctua- 
tions. Almeida, Campello and Liu (2006) show that 
countries with high maximum LTV ratios are those in 
which house prices and the demand for new mort- 
gage borrowing are most sensitive to income shocks 
(i.e., procyclicality is the strongest). Lamont and 
Stein (1999) have similar findings for U.S. cities with 
a large proportion of highly leveraged (high LTV ratio) 
households. 


Studies based on microdata have also investigated 
the link between housing finance and household 
behaviour. Using U.S. credit bureau data and zip- 
code-level data on house prices, Mian and Sufi 
(2009a) find evidence that U.S. banks increased 

the availability of credit to first-time home buyers 
and that this was a key driver of rising household 
leverage between 2002 and 2005. In addition, 

rising house prices allowed existing homeowners 

to increase their debt levels dramatically (Mian and 
Sufi 2009b). The authors document that home- 
owners extracting equity from their homes during the 
period of rising house prices experienced a jump in 
default rates as house prices reversed (Mian and Sufi 
2009b). This research shows that the feedback effect 
between house prices and household debt is clearly 
linked to the degree of vulnerability of the financial 
system. 


Studies suggest that the maximum 
limit on the LTV ratio could play a role 
in moderating procyclical movements 

in house prices and housing 
market activity 


Finally, Ortalo-Magné and Rady (1999) develop a 
model with young and old households, as well as a 
property ladder, whereby people seek to move from 
apartments to houses as they age. A key finding is 
that the rise in owner occupancy and house prices 


during the U.K.’s housing boom in the 1980s can be 
at least partly explained by credit market liberaliza- 
tion, as captured by an increase in the LTV ratio. An 
alternative hypothesis, that the boom resulted from 
rising household incomes, cannot explain these 
facts. 


Together, these studies suggest that the maximum 
limit on the LTV ratio on a residential mortgage could 
play a useful role in moderating procyclical move- 
ments in house prices and housing market activity. 


A Model to Capture Links 
Between Housing Finance 
and the Real Economy 


Christensen et al. (2009) develop and estimate a 
dynamic stochastic general-equilibrium (DSGE) 
model for Canada (referred to as CCMN, after the 
authors’ names—Christensen, Corrigan, Mendicino 
and Nishiyama), featuring borrower and lender house- 
holds and a housing market. As in lacoviello (2005), 
borrowers and lenders are distinguished by their 
impatience: impatient households seek to consume 
more today and borrow from patient households. 
Differing degrees of impatience across household 
types is acommon modelling device to allow bor- 
rowing and lending to occur. It captures some of the 
differences in household behaviour over the life cycle, 
where impatient households resemble the young, and 
patient households the old who have accumulated 
more wealth. Loan contracts in this model specify that 
borrowers can borrow up to a fraction of the value of 
their real estate holdings (the LTV ratio). This type of 
contract often arises in models where the financial 
friction takes the form of an enforcement problem: 
lenders require borrowers to post collateral in view of 
the risk that they may not repay the loan. Importantly, 
when this collateral constraint is present, rising house 
prices lead to a higher value of collateral, giving 
households greater access to credit and allowing 
them to increase their expenditures on consumption 
and housing. Christensen et al. (2009) find that this 
mechanism helps the model to better capture the 
empirical relationship between the time series data for 
house prices and consumption. 


Like many models of its type, CCMN does not cap- 
ture the decision of households to default, which 

is a key element of financial system vulnerability. 

In contrast to Meh (2011) and de Resende and 
Lalonde (2011), there is no explicit role in the model 
for banks to act as intermediaries for credit, since 
loans are contracts between lender households and 
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borrowers. Thus, the model does not capture how 
loan losses can lead to banking sector stresses, 
tighter lending standards and further amplification 
during the bust phase of the cycle. Though styl- 
ized in these respects, the model does capture the 
feedback between house prices and household debt 
accumulation that drives the procyclicality of the 
housing market and, as noted above, is the motiva- 
tion for some of the recent changes to housing- 
finance policy in Canada. The following sections 
focus on the role that this mechanism plays in the 
boom phase. 


The LTV Ratio and Spillovers 
from the Housing Market 


Given the presence of collateral-constrained house- 
holds, the level of the LTV ratio on mortgage lending 
is one factor that determines the extent of pro- 
cyclicality in the housing market. In this case, it is 
useful to consider economic shocks that may arise 
in the housing market itself and lead to changes 

in the price of housing. For example, a number of 
researchers have studied the impact of shocks to 
housing demand on the housing sector and on the 
overall economy.’ lacoviello and Neri (2010) find that 
housing-demand shocks play an important role in 
capturing the swings in U.S. house prices in a two- 
sector monetary DSGE model. Jarocinski and Smets 
(2008) find that this type of shock can account for 

a significant fraction of the U.S. boom in construc- 
tion and house prices, but its effect on overall GDP 
growth and inflation is relatively small. 


Chart 1 illustrates the economy’s response to a 
positive shock to housing demand in the CCMN 
model. This shock is captured as a sudden shift 

in the desire of households to consume housing 
services relative to other consumption goods or 
leisure. It can also be thought of as a rise in the 
return to residential investment. The higher demand 
for housing services increases housing investment. 
However, the stock of housing is slow to adjust, 

so there is a rise in house prices® and, thus, the 
value of housing that can be posted as collateral.® 
Rising collateral values allow households to borrow 
more against the equity in their home to finance 
higher (non-housing) consumption in the short run. 


7 Housing-demand shocks are sometimes described as a shift in prefer- 
ences toward housing services. lacoviello and Neri (2010) discuss 
alternative interpretations. 

Charts 1 and 2 show the price of housing relative to consumer prices. 
In this example, the persistence of the house-price response is driven 
primarily by the high estimated persistence of the shock rather than by 
the intrinsic dynamics of house prices. 


oon 
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Chart 1: Economic impact of a lower LTV ratio on 
the volatility of mortgage debt after an increase in 
the demand for housing 
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Chart 1: (cont’d) 
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Borrowing households subsequently reduce their 
consumption and repay this debt over time. 


In the case where the maximum LTV ratio is set to 
80 per cent, the model responses suggest that a 

1 per cent rise in house prices is associated with an 
increase of 0.1 per cent in consumption, which is 
close to the estimates of lacoviello and Neri (2010) 
for the United States.*® In the case where the max- 
imum LTV ratio is 95 per cent, the initial response of 
consumption is three times larger. Chart 1 shows 
that a lower LTV ratio substantially reduces the mag- 
nitude of the rise in consumption and household 
debt in response to a rise in house prices." 


A Countercyclical Policy for the 
LTV Ratio 


Recent international discussions have begun to 
examine the merits of adjusting mortgage market 
rules over time. For example, country author- 
ities could change the maximum LTV ratio in a 


10 In the model of lacoviello and Neri (2010), the LTV ratio is 85 per cent. 
Our results are somewhat higher than the marginal propensity to 
consume from housing wealth for Canada of 5.7 per cent reported in 
Pichette (2004) and are in the upper range of estimates reported in 
Flood, Morin and Kolet (2008). 

The response of house prices to a housing-demand shock is not very 
sensitive to the level of the LTV ratio in this class of models. Neverthe- 
less, the model captures important effects on quantities of changes 

in the LTV ratio, as can be seen from the boost to the consumption 
response of constrained households. Life-cycle effects and different 
dwelling types, both absent from this model, may be important in cap- 
turing larger effects on house prices. For example, if the LTV ratio rises, 
young households with increased access to credit may bid up the price 
of starter homes, and this could increase the wealth of others and allow 
them to move up the property ladder. 
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countercyclical fashion, lowering it during housing 
booms and raising it when house prices are 
depressed.’? One outcome of this type of policy is 
an increase in the resilience of the financial system 
since it requires borrowers to have a larger equity 
stake in their property during booms, thus reducing 
the potential losses to financial intermediaries during 
the bust phase when income and house prices fall. 
In addition, the lower LTV ratio (higher down pay- 
ment) would act against the boom in the first place 
by reducing the extent to which borrowers could 
extract equity from their homes or take on more 
leverage to buy a bigger home. 


Christensen and Meh (forthcoming) investigate the 
role of a time-varying maximum LTV ratio in a model 
based on Christensen et al. (2009).** They consider 
the impact when the public authorities respond to 

a credit boom by lowering the regulatory maximum 
LTV ratio below its long-run setting of 80 per cent. 
The extent of the countercyclical response of the 
LTV ratio is determined by a regulatory rule that links 
the change in the LTV ratio to the level of mortgage 
credit relative to its long-run value. 


Housing booms and busts are often attributed, at 
least in part, to an easing of mortgage-underwriting 
conditions. We now turn to the case in which lenders 
themselves supply more credit and consider how the 
outcome might differ if the LTV ratio was lowered in 
response. 


Christensen and Meh (forthcoming) capture an 
increase in the availability of credit as an exogenous 
shift in the lender’s perception of the quality of 
housing collateral. Chart 2 illustrates the impact of 
a large shock, which raises the collateral value of a 
unit of housing by 5 per cent, when the LTV ratio is 
held constant at 80 per cent. With the increase in 
availability of debt, borrowers immediately increase 
their mortgage borrowing and use these funds to 
increase both consumption and housing expendi- 
tures. The shock produces a growth rate of mort- 
gage debt over the first year that is roughly in line 
with the average annual growth of mortgage debt 
seen during the housing boom in the United States 
in 2003-06. House prices rise in response to the 
increased demand for housing, raising the value of 
housing collateral and household debt capacity. 


12 Changing the capital-adequacy risk weights for residential mortgages 
is an alternative approach that has been suggested elsewhere (Borio, 
Furfine and Lowe 2001; Bank of England 2009). 

13 Research at other institutions has begun to consider related questions. 
See Kannan, Rabanal and Scott (2009); Angelini, Neri and Panetta 
(2011); and Lambertini, Mendicino and Punzi (2014). 


MORTGAGE DEBT AND PROCYCLICALITY IN THE HOUSING MARKET 39 
BANK OF CANADA REVIEW ® SUMMER 2011 


Chart 2: Economic impact of a countercyclical maximum LTV ratio after an increase in the availability of credit 
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A noteworthy feature of this shock and of the 
housing-demand shock is that there is little impact 
on consumer price inflation.'* This is similar to the 
U.S. situation in the 2003-06 period, when a housing 
boom took hold but inflation remained subdued.** 
There is only a small impact on inflation because the 
largest effects are mainly on borrowing-constrained 
households (a smaller group than lenders) and the 
housing market (a small sector), and because house- 
holds supply more labour, which offsets some of the 
upward pressure on the cost of production.'® The 
mild inflationary impact results in little response from 


14 The impact would be somewhat higher if the measure of inflation in the 
model included the direct impact of increases in house prices, as is the 
case for the Canadian consumer price index. 

15 In the United States, offsetting shocks—for example, from lower import 
prices—also played a role. 

16 Households supply more labour because the extra costs of working 
more hours are outweighed by the benefits from the extra income that 
can now purchase more housing services than before. 
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policy interest rates. The lack of a rise in interest 
rates allows mortgage borrowing and house prices 
to expand more strongly. 


Rather than holding the maximum LTV ratios on 
mortgage loans constant, there is the possibility of 
varying the maximum LTV ratio to stem the buildup 
of household debt. Chart 2 illustrates the responses 
to the credit-supply shock when the authorities lower 
the regulatory LTV ratio in response to the observed 
increase in mortgage credit that accompanies the 
shock. In this case, the drop in the maximum regu- 
latory LTV ratio, which lasts for about 20 quarters, 
reduces the surge in mortgage debt by about two- 
thirds. The rises in house prices and consump- 

tion are reduced to about one-third of their peak 
response. Again, policy interest rates hardly move. In 
this model, the LTV ratio does not have to adjust by 
a large magnitude to achieve this dampening of the 
boom: it is lowered by about 2.8 percentage points 


from 80 per cent to just above 77 per cent.’” In this 
model, changes to the maximum LTV ratio are a 
more effective tool to mitigate boom-bust cycles in 
real estate than monetary policy because they are 
better targeted at the source of the volatility. 


One potentially important limitation to this work 

is that the mortgages in these models have short 
maturities and are rolled over more frequently than is 
the case in practice. The implication is that changes 
in the regulatory maximum LTV ratio in the model 
have an impact on the entire stock of mortgages 
outstanding in every period. Since, in practice, those 
changes apply only to newly issued or refinanced 
mortgages, the model will overstate the impact of 
changes in the LTV ratio on the stock of mortgage 
debt, consumption and real economic activity. 


Concluding Remarks 


This article has focused on the role of household 
leverage and housing collateral in generating pro- 
cyclicality in the housing market and on the potential 
use of the LTV ratio—both the level and counter- 
cyclical variations—to dampen this cycle. The 
models discussed take some important steps toward 
understanding the links between housing finance, 
financial system vulnerability and real economic 
activity. 


17 In this model, the response of debt and house prices to the shock will 
rise if the long-run LTV ratio is set higher (e.g., to 95 per cent, as is the 
case in Chart 1). Nonetheless, a decline in the LTV ratio of 2.8 percent- 
age points produces a similar proportional dampening of house prices 
and mortgage debt. 
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Developing a Medium-Term 
Debt-Management Strategy for 
the Government of Canada 


Marc Larson and Etienne Lessard, Funds Management and Banking Department 


e The development of a sound medium-term debt- 
management strategy is a complex task that re- 
quires a thoughtful balance between cost and risk. 
Moreover, any change to the government’s debt 
structure has to be considered from a long-term, 
forward-looking perspective. 


e Federal debt managers have various analytic tools 
to assess the cost-risk trade-offs of different bor- 
rowing strategies. These tools, combined with debt 
managers’ judgment and experience, are used to 
develop Canada’s medium-term debt strategy. 


e An important element of the decision-making 
process is to engage market participants in regular 
and open dialogue. 


eign debt and the sustainability of countries’ 

borrowing programs has reinforced the import- 
ance of developing a sound strategy for structuring 
and managing government debt.’ There are, how- 
ever, anumber of other policies that work in con- 
junction with the debt strategy to keep debt costs 
low and stable, such as a sustainable fiscal policy; a 
monetary policy that keeps inflation low, stable and 
predictable; and an efficient financial system. 


| & recent international focus on levels of sover- 


While the Government of Canada’s federal debt- 
to-GDP ratio of about 34 per cent is the lowest in 
the G-7 countries, considerable effort and plan- 
ning is still required to develop a debt-management 
strategy” that thoughtfully balances many dif- 
ferent cost and risk considerations.* Moreover, a 
well-developed debt strategy can have consider- 
able financial benefits. With over $575 billion of 
Government of Canada market debt outstanding 
(Chart 1), annual interest payments on that debt 
are about $17 billion, and about 8 cents of every 
tax dollar collected by the government goes toward 
paying these interest charges.* 


As the fiscal agent for the Government of Canada, 
the Bank of Canada provides strategic policy advice 
on the management of the government’s debt 

in addition to being responsible for conducting 


1 The article focuses on the Canadian-dollar-denominated debt issued 
by the Government of Canada, and so excludes debt issued by federal 
Crown corporations and global bonds issued by the Government of 
Canada to fund the Exchange Fund Account. 

2 The debt-management strategy sets out the Government of Canada’s 
objectives, strategy and plans for managing its domestic and foreign 
debt, other financial liabilities and related assets. 

3 See the Government of Canada’s Budget 2011 at <http://www.budget. 
gc.ca/2011/home-accueil-eng.html>. 

4 See the Public Accounts of Canada 2010 at <http://www.tpsgc-pwgsc. 
gc.ca/recgen/txt/72-eng.htmI>. 
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Chart 1: Outstanding amount of treasury bills 
and bonds 
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debt-management operations, such as auctions of 
Government of Canada securities. The Minister of 
Finance is responsible for making final decisions 
that pertain to the Government of Canada’s debt- 
management strategy. To this end, the Bank of 
Canada and Department of Finance collaborate 
through a number of committees created to ensure 
the effectiveness of the decision-making process.°* 


A new medium-term debt strategy was announced 
in the “Debt Management Strategy for 2011-12,” 
which was released as part of the federal Budget on 
22 March 2011.° The new strategy has an increased 
focus on issuing short- and medium-term bonds 
(with maturities of 2, 3 and 5 years). It also includes 
specific actions, such as a reduction in the stock 

of treasury bills and changes to maturity dates 

in certain bond sectors, to reduce the amount of 
debt maturing over near-term horizons. This article 
provides further insight and more details on the 
decision-making process that led to the formula- 
tion of this new strategy. This includes the debt- 
management objectives, the modelling approach, 
the long-term perspective of the decision made, the 
communication strategy and the use of debt-man- 
agement metrics to monitor and assess the evolution 
of the debt structure over time. 


5 Adetailed description of the Treasury Management Governance Frame- 
work can be found at <http://www.fin.gc.ca/treas/goveev/tmgf03_1- 
eng.asp>. 

6 The “Debt Management Strategy for 2011-12” can be found at <http:// 
www.fin.gc.ca/pub/dms-sgd/index-eng.asp>. 





Objectives 


The fundamental objective of debt management is to 
raise stable, low-cost funding to meet the financial 
needs of the Government of Canada. This objective 
reflects the fundamental cost-risk trade-off that the 
government faces as a borrower: shorter-term debt 
instruments are generally less costly but also more 
risky (i.¢., annual borrowing costs are more variable) 
than longer-term debt instruments. An associated 
objective is to maintain a well-functioning market 
(i.e., liquid and efficient) in Government of Canada 
securities. Well-functioning markets for govern- 
ment securities attract broad investor interest and 
increase competitive demand for those securities, 
which helps to keep debt costs low and stable 

and provides broader benefits to domestic capital 
markets.’ 


The fundamental objective of debt 
management is to raise stable, 
low-cost funding 


In pursuing these objectives, the government 
adheres to key principles for debt management that 
include prudence, transparency, liquidity and regu- 
larity. These principles ensure that debt-strategy 
decisions are taken with a long-term perspective, 
balance cost and risk, are communicated in a timely 
and transparent manner to market participants, and 
support the liquidity in the Government of Canada 
securities market. 


Adherence to these objectives and principles helps 
to ensure that the operational framework is con- 
sistent with the best practices of comparable sover- 
eign borrowers. 


The Road Toward Establishing 
a New Medium-Term Debt- 
Management Strategy 


The complex task of developing a medium-term 
debt strategy requires a thoughtful balance between 
the many considerations that flow from the debt- 
management objectives and principles (see Box). 
Factors that must be taken into account include 


7 Awell-functioning Government of Canada securities market also sup- 
ports other Canadian financial markets (e.g., markets for provincial and 
corporate bonds and derivatives markets) in addition to supporting the 
implementation of monetary policy. 
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A Brief History of the Debt Strategy 


As the underlying budgetary and economic 
environments have changed and evolved over 
the past 20 years, so has Canada’s debt strategy, 
which can be broadly grouped into four periods: 


1991-94 


To improve Canada’s financial position, con- 
sidering the prevailing environment of volatile 
interest rates and high debt levels, the govern- 
ment focused on extending the average term of 

its debt maturities. The main metric used to track 
progress on this objective was the fixed-rate share 
of the debt (the share of the debt stock that will 
not mature or be repriced in the next 12 months), 
which increased from a level of 50 per cent to 

55 per cent over the period. 


1995-2002 


In 1995, the government announced that it would 
increase the fixed-rate share of the debt to 65 per 
cent by no later than the end of 2004-05. This 
initiative was undertaken to achieve a more pru- 
dent debt structure in an increasingly volatile 
market environment and to moderate refinancing 


projected debt costs, the projected annual vari- 
ability of debt costs and their potential impact on 
the budgetary balance (budgetary risk), the amount 
of debt maturing or rolling over in a specific period 
(debt rollover), and the maintenance of a well- 
functioning market in Government of Canada 
securities (market impact) (Figure 1). 


To balance these competing considerations, Canada’s 
debt managers have developed various approaches 
to assessing the cost-risk trade-offs of different bor- 
rowing strategies. These include analytic tools that 
complement debt managers’ judgment and experi- 
ence, such as the modelling of uncertainty about the 
future evolution of the economy and interest rates and 
the corresponding effect on the budgetary balance, 
as well as developing metrics to monitor the evolving 
cost-risk characteristics of the debt structure. They 
also include consultations with market participants. 


The balance of the article provides a broad descrip- 
tion of these tools and approaches. 


risk. The fixed-rate target of 65 per cent was 
achieved in 1997, much sooner than expected. 
Thereafter, the debt structure was reviewed annu- 
ally and was managed so as to maintain a target 
for the fixed-rate share of about two-thirds. 


2003-07 


In 2003, the target for the fixed-rate share of the 
debt was reduced from two-thirds to 60 per cent, 
to be achieved within a five-year period. This 
decision reflected an environment in which the 
ratio of debt to gross domestic product (GDP) 

was declining, as well as the desire to reduce the 
expected costs of the debt by lowering the share 
of fixed-rate debt. The 60 per cent target was 
achieved in 2006-07, before the onset of the finan- 
cial crisis in late 2007. 


2008-11 


The increased borrowing requirements necessi- 

tated by the financial crisis served to reinforce the 
importance of the government’s ongoing practice 
to regularly review its debt-management strategy. 





Figure 1: Factors considered in debt-management 
decisions 
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The Modelling Approach 


The ability to model Canada’s debt has evolved 
gradually. Canada’s core debt model was developed 
about 10 years ago to assess and quantify the 
expected variability of debt costs. Since then, the 
model has been enhanced to include the addition 

of macroeconomic variables (e.g., inflation and the 
output gap), to examine the relationship between 
these variables and the government’s borrowing 
requirements, and to improve the simulation engine 
that generates the future paths of interest rates. The 
current version of the Canadian Debt-Strategy Model 
(CDSM) reflects a considerable amount of research 
undertaken over the past five years.® Based on feed- 
back received from other countries, the CDSM is 
one of the most sophisticated models developed by 
sovereign debt managers. 


The objective of any model is to help to develop 
intuition and to facilitate the understanding of 
complex (i.e., densely interconnected) and/or com- 
plicated (i.e., many moving parts) real-world phe- 
nomena. The CDSM is no exception. The future 
evolution of the economy, interest rates and financial 
requirements are all uncertain and interrelated in a 
complex way. The CDSM can provide information on 
the trade-offs between the government’s debt costs 
and the risks associated with different financing 
strategies. The model also allows debt managers 

to examine how these trade-offs change across a 
wide variety of different economic and interest rate 
environments, thereby providing a comprehensive 
evaluation of different funding choices. The main 
objective of the analysis is to find a funding mix con- 
sisting of treasury bills, nominal bonds and inflation- 
linked bonds that ensures a prudent risk profile while 
simultaneously minimizing debt-service charges and 
maintaining a well-functioning market in Government 
of Canada securities. 


By examining hundreds of different financing strat- 
egies, each with different proportions of short-, 
medium- and long-term bonds and treasury bills, the 
CDSM can provide broad directional guidance for the 
debt-management strategy. For example, modelling 
analysis conducted in 2010 demonstrated that over a 
wide range of interest rate scenarios, debt portfolios 
weighted toward more short- and medium-term bonds 
would improve the efficiency of the debt structure in 





8 Working papers that cover the technical aspects of the model are 
available on the Bank of Canada’s website. For example, Bolder and 
Rubin (2007) provide a thorough description and evaluation of several 
optimization techniques. A full description of the CDSM can be found in 
Bolder (2008) and Bolder and Deeley (2011). 


the long run, while reducing exposure to debt-rollover 
risk. In this context, improving the efficiency of a port- 
folio means either reducing cost for a given level of risk 
or reducing risk for a given level of cost. 


By examining hundreds of different 

financing strategies, the CDSM can 

provide broad directional guidance 
for the debt strategy 


The modelling process used to support the medium- 
term debt-management strategy consists of five 
steps (each of which is explained below): 


1. generation of random (stochastic) economic and 
interest rate scenarios 


2. calculation of debt cost and risks 


3. determination and composition of optimal 
strategies 


4. imposition of minimum issuance constraints to 
meet the objective of maintaining well-functioning 
markets 


5. sensitivity, scenario and stress-testing analysis 


Step 1 - Generating economic and 
interest rate scenarios 


This step employs a stochastic macroeconomic 
term-structure model that generates various eco- 
nomic and interest rate scenarios over a long- 

term period (e.g., 10,000 scenarios over a 10-year 
horizon).2 The scenarios contain paths for the output 
gap, inflation, the overnight interest rate, the term 
structure of interest rates and the government’s bor- 
rowing requirements. 


Step 2 - Calculating costs and risks 


The second step computes the government’s debt 
costs and the associated risk measures for a specific 
financing strategy.*° Computing debt costs is 
relatively straightforward, since they can be calculated 





9 Several Bank of Canada working papers provide a detailed description 
of the macroeconomic term-structure models used. See, for example, 
Bolder (2001, 2006), Bolder and Gusba (2002) and Bolder and Liu (2007). 

10 In this context, a financing strategy is composed of a relative mix of 
3-, 6- and 12-month treasury bills; 2-, 3-, 5-, 10- and 30-year nominal 
bonds; and 30-year inflation-linked bonds (Real Return Bonds). Global 
bonds issued by the Government of Canada to fund the Exchange Fund 
Account are excluded from the analysis since they are managed within 
an asset-liability-matching framework. 
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as the average annual debt-service charges in dol- 
lars or as a percentage of the total debt stock over a 
specific simulation horizon (e.g., 10 years). 


Measuring risk is more complex, however, since it 
can be defined many different ways, depending on 
the policy objectives of the government. In the con- 
text of debt modelling, risk is characterized as the 
amount of debt maturing or rolling over in a specific 
period (single-day, quarter or year), the variability 
of interest costs over time (i.e., the extent to which 
interest costs could change significantly from one 
year to the next), and the variability of the govern- 
ment’s budgetary balance resulting from the cor- 
relation between debt costs and the government’s 
revenues and expenditures. Moreover, although 
risk can be mitigated by modifying the issuance 
structure of the debt, other tools are also available 
to debt managers to mitigate some types of risks. 
For example, a bond-buyback program, as well as a 
liquidity plan,** can help mitigate debt-rollover risk. 


Step 3 - Selecting optimal strategies 


In this step, a wide range of different financing 
strategies are reviewed, some of which may involve 
issuing debt in only some maturity sectors but not 
others. An optimization algorithm is then used to 
select those strategies with the best cost-risk trade- 
offs, or the lowest cost for a specific level of risk. 
The output of this work is a curve that represents the 
most efficient financing strategies, similar to an effi- 
cient portfolio frontier, as well as the composition of 
the most efficient financing strategies. 


Chart 2 and Chart 3 illustrate the results of the 
optimization exercise based on debt rollover as a 

risk measure. Note that the same exercise can also 
be performed using other risk measures. Chart 2 
shows the efficient frontier of the optimal debt struc- 
tures (lowest cost for a specific level of risk). Moving 
along this frontier from left to right shows how 
expected borrowing costs decrease—and rollover risk 
increases—as the government shifts the proportion of 
its borrowing program from long-term debt to short- 
term debt. Chart 3 illustrates how the proportion of 
short-term debt in the optimal portfolio changes as 
one moves along the efficient frontier. Each colour 
represents a different debt instrument issued by the 
Government of Canada. As shown in this chart, low- 
risk debt structures contain mainly long-term maturity 
instruments (10-year and 30-year nominal bonds and 


11 A liquidity plan consists of having liquid financial assets available to 
support meeting payment obligations in situations where normal access 
to markets may be disrupted or delayed. 


Chart 2: Expected cost frontier 
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Chart 3: Optimal portfolio weights 
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Real Return Bonds), while high-risk debt structures 
contain mostly short-term debt instruments (3-, 6- 
and 12-month treasury bills and 2-year bonds). 


Step 4 - Imposing constraints 


The issuance strategies considered in step 3 do not 
necessarily involve issuing debt in all maturity sec- 
tors, and these strategies may therefore be inconsis- 
tent with the government’s objective of maintaining 
a well-functioning securities market. Accordingly, 
the fourth step imposes constraints on the financing 
strategies whereby they all maintain at least a min- 
imum amount of issuance in all the selected maturity 
sectors.'* These levels of minimum issuance differ 


12 The bond-buyback program can also be used to help maintain a 
minimum amount of issuance in some maturity sectors by repurchasing 
less-liquid bonds in exchange for building benchmark bonds. 
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for each sector and are generally based on past 
issuance, comments obtained during consultations 
with market participants and the judgment of debt 
managers. 


Step 5 - Analyzing results 


To assess the robustness of the modelling results, 
the assumptions underlying the model, as well 

as the idiosyncratic characteristics built into the 
model itself, the results are stress tested and ana- 
lyzed under various scenarios. Tests are conducted 
to assess the impact of changing assumptions 
regarding long-term GDP growth, inflation, the gov- 
ernment’s borrowing requirements and the level 

of interest rates, as well as the spread between 
long-term and short-term interest rates. In addition, 
different interest rate models are used to test the 
sensitivity of the overall results to the idiosyncratic 
characteristics of the various models. 


A Long-Term Perspective 


The transition toward a more efficient debt structure 
can take many years to be fully realized because of 
the modest size of the annual bond issuance relative 
to the size of the outstanding debt portfolio and the 
fact that some bonds take up to 30 years to mature. 
In addition, Government of Canada securities play an 
important role in the Canadian fixed-income market, 
as a key reference for the pricing of other securities. 
Debt managers therefore try to avoid potentially 
disruptive or abrupt changes to the government’s 
annual patterns of debt issuance. Thus, any change 
to the government’s issuance structure has to be 
based on a long-term, forward-looking perspective. 


While the long-term objectives of 
a given debt strategy may be clear, 
some degree of flexibility also needs 
to be built into the strategy 


Moreover, while the long-term objectives of a given 
debt strategy may be clear, some degree of flexibility 
also needs to be built into the strategy. Annual issu- 
ance plans need to remain flexible enough to adapt 
to evolving fiscal and economic conditions to ensure 
that the government’s financing requirements can 
always be met. 


A Communication Strategy 


An important element of the decision-making 
process when considering the debt strategy is to 
engage market participants in regular and open 
dialogue (e.g., annual debt-management-strategy 
consultations, consultations ahead of each auction 
call for tender, ad hoc consultations with investors 
and government securities distributors). 


As the largest issuer of Canadian-dollar-denominated 
fixed-income securities, the government considers 
consultations with market participants to be an 
essential component of its ongoing commitment 

to maintaining a well-functioning government secur- 
ities market, as well as an integral part of the debt- 
management process. 


Thus, every year, officials from the Bank of Canada 
and the Department of Finance seek the views 

of government securities distributors, institu- 

tional investors and other interested parties on 
issues related to the design and operation of the 
Government of Canada’s domestic debt program for 
the coming year and beyond. 


These consultations typically cover general market 
conditions, the effectiveness of the bond and 
treasury bill programs, bond-buyback operations, 
and various operational details. They can thus help 
to validate many modelling assumptions being used, 
particularly those related to the minimum level of 
issuance required to maintain well-functioning mar- 
kets. Consultations also provide an opportunity to 
discuss operational considerations (e.g., the size and 
frequency of auctions) that the government needs to 
consider when implementing its debt-management 
strategy. As part of the ongoing effort to promote 
transparency, a Summary of the views expressed 
during these consultations is provided on the Bank 
of Canada website and released in conjunction with 
the government’s “Debt Management Strategy.”** 


The release of the “Debt Management Strategy” 
and the “Debt Management Report,” which pro- 
vides a detailed account of the government’s bor- 
rowing and debt-management activities for the 
previous fiscal year, ensures that the current debt 
strategy is broadly communicated and understood 
by market participants, investors or any interested 
parties. These documents describe the expected 
long-term debt structure using a variety of different 


13 The consultation document and the summary of consultations can be 
found at <http://www.bankofcanada.ca/publications-research/market- 
notices/>. 


A DEVELOPING A MEDIUM-TERM DEBT-MANAGEMENT STRATEGY FOR THE GOVERNMENT OF CANADA 


BANK OF CANADA REVIEW ® SUMMER 2011 


debt-management metrics (See below). The “Debt 
Management Strategy” also announces any required 
adjustments to bond-maturity dates and to the 
bond-buyback program to smooth the daily debt- 
maturity profile and to reduce debt-rollover risk. 


Debt-Management Metrics 


A range of key debt-management metrics (the set of 
measurements used to describe the structure of the 
debt portfolio) are used to monitor and assess the 
evolution of the debt structure. They also consider the 
objectives of debt management. As a result, they help 
debt managers to evaluate and monitor the impact 

of decisions regarding the debt strategy with respect 
to the four factors discussed earlier: debt costs, 


Chart 4: Projected evolution of the ATM of 
the debt portfolio 
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Chart 5: Projected evolution of the refixing share 
of debt as a percentage of debt stock 
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budgetary risk, debt rollover and market impact. 
Different metrics can be attributed to each factor. 


The “Debt Management Strategy for 2011-12” con- 
tains metrics showing the expected evolution of the 
debt structure over the next 10 years. For example, 
Chart 4 shows the historical and expected trend of 
the average-term-to-maturity (ATM), which is gener- 
ally used to assess debt costs, given that longer-term 
debt maturities are generally more costly. Chart 5, 
which highlights the amount of debt to be refixed (i.e., 
refinanced or repriced) over a specific period, helps to 
illustrate interest rate and budgetary risk. 


The “Debt Management Report 2009-10” also con- 
tains metrics on debt rollover (quarterly maturities of 
domestic market debt and single-day bond maturities 
plus coupon payments) and on the well-functioning of 
markets (size of bond benchmark issues).** 


In addition to providing information on the evolution 
of the debt portfolio over time, these metrics allow 
cross-country comparisons of debt structures. 


Concluding Remarks 


The Government of Canada’s new medium-term 
debt strategy marks an exciting new chapter in 

the management of Canada’s sovereign debt. The 
design and implementation of the medium-term 
debt-management strategy is a long-term process, 
resulting from an extensive and sophisticated mod- 
elling approach that balances costs and risks and 
that is supplemented by market input, as well as 
the judgment and experience of debt managers. Its 
evolution and direction are also closely monitored on 
a regular basis to adjust to changing fiscal and eco- 
nomic environments. 


Moreover, evolving risk-management practices in 
debt management and among other sovereign bor- 
rowers will continue to be monitored. Combined 
with ongoing input from market participants, these 
steps will ensure that the decisions taken will strive 
to create a debt-management strategy that is effi- 
cient, sound and consistent with the government’s 
objectives. 


14 The most recent “Debt Management Report” can be found at <http:// 
www.fin.gc.ca/dtman/2009-2010/DMR2010_ENG.pdf>. 
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Early Chinese Coinage 


David Bergeron, Curator, Currency Museum 


The basic shape of coinage has remained largely 
unchanged for more than 2,500 years. With few 
exceptions, coins have been round, flat and compact, 
no matter the period. But China’s earliest coins were 
not round. Instead, they imitated the commodities and 
tools that were part of a primitive barter system. 
These early forms of coinage appeared from about 
the sixth to the fourth century BC in what is now 
northeastern China during the Zhou Dynasty. The 
powerful Zhou Dynasty (1100 BC-256 BC) had ruled 
the entire area, but by 700 BC its power had waned. 
The state of Zhou was merely the central hub of gov- 
ernment for numerous independent feudal states. The 
production and issue of coinage was very much a 
local affair. 


Cowrie shells were China’s earliest medium of 
exchange. Imitations made of bone, stone and bronze 
circulated in the state of Chu, located between the 
Yangtze and Yellow rivers (Jiangsu and Anhui prov- 
inces). Most likely introduced because of a shortage 
of real cowries, these early coins were known as 
“ghost-face” or ”ant-nose” money because of their 
markings. Since the weight of these imitation cowries 
was inconsistent, their value probably equalled that of 
a real cowrie shell. Both genuine and imitation cowries 
used in trade are about the size of a kidney bean. 


The provinces of Shaanxi, western Shanxi and Henan 
used hollow-handled spades as coinage. These were 
the first replicas of tools to be used as money, and 
prototypes marking their transition from barter items 
to money date as far back as 1200 BC. The hollowed 
handle and long pointed feet required complex 
moulds, and the resulting coins were very fragile. To 
increase durability and allow easier casting of large 
quantities, the profile was simplified and the handle 
flattened. These coins were called jin, meaning hoe, 
because of their familiar shape. The shape and mark- 
ings on the coins varied, depending on the location of 
production and the issuing authority. During their use, 
there were many different types of hoe money in 
circulation, but their weights and dimensions 
remained consistent within a specific area and from 
one issue to the next. 


Knives were also copied and cast as coins in ancient 
China. Unlike spade and hoe money, the earliest 
examples were cast in a way that allowed their use as 
real knives. For practicality and portability, however, 
the edges were never sharpened. Knife money (called 
dao bi, meaning “pointed” or “knife-shaped”) was 
used mainly in the provinces of Hebei, eastern Shanxi, 
Shandong, Liaoning, Jilin and Heilongjiang. Like hoe 
money, the style of Knife money varied in time and 
place: older blades were larger and curved, later 
issues were smaller and angular; blades from the 
state of Qi were pointed, whereas those from the city 
of Ming had a blunt tip. 


During the fourth century BC, some of the indepen- 
dent feudal states began replacing cowrie, hoe and 
knife money with round coins. These early coins, cast 
with a distinctive round hole in the centre, varied in 
size and weight. 


In 221 BC, the ruler of the western state of Qin, having 
defeated all the other rulers, named himself China’s 
first emperor. Qin Shi Huangdi united the country and 
reformed China’s coinage, eliminating the circulation 
of cowrie, hoe and knife money and issuing a new 
round cast-bronze coin with a square hole called ban 
liang (half liang or Chinese cash). Coins of this shape 
and size, similar to that of a Canadian quarter, would 
continue to be cast in China until 1912. 


The round coin, imitation cowries, and spade and 
knife money pictured on the cover are part of the 
National Currency Collection of the Bank of Canada. 


Photography by Gord Carter. 
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The International Monetary System: 
An Assessment and Avenue for Reform 


Eric Santor, International Economic Analysis Department, and Lawrence Schembri, Adviser 


e The international monetary system comprises the 
policies and official arrangements related to the 
international balance of payments, in particular, 
exchange rate arrangements. 


e The current system is in need of reform. It has not 
facilitated the timely and symmetric adjustment in 
the real exchange rate necessary to accommodate 
the integration of China and other emerging- 
market economies into the global economy. 

This lack of adjustment contributed to the global 
financial crisis and recession, and is hindering 
the global recovery because it is forestalling the 
required rotation of global demand. 


e The G-20 countries should co-operate to promote 
the system’s transition to one in which all system- 
ically important countries and currency areas have 
market-determined flexible exchange rates sup- 
ported by coherent macroeconomic and financial 
sector policy frameworks to ensure that global 
growth is strong, sustainable and balanced. 


has been described as a “non-system” or 

“hybrid,” owing to the lack of a coherent set of 
exchange rate policies among systemically important 
economies. In practice, the system has not been 
able to adjust efficiently to large shocks, such as the 
integration of China into the global economy, thus 
allowing the occurrence of large and unsustainable 
Current account imbalances. Indeed, many observers 
attribute the 2007-09 financial crisis and the current 
weak recovery of the global economy, in part, to the 
system’s inherent instability—in particular, to the lack 
of timely and symmetric adjustment of real exchange 
rates to these imbalances.* The authorities in many 
emerging-market economies (EMEs), in particular, 
have acted to constrain capital flows and exchange 
rate movements, thereby preventing a necessary 
rotation of global demand. 


Tis Current international monetary system (IMS) 


These failings have not gone unnoticed—the Group 
of 20 (G-20) has identified the need to reform the 
IMS (G-20 2010). Many proposals have been put 
forward to address the current system’s ubiquitous 
flow and stock imbalances, including an expanded 
role for Special Drawing Rights (Williamson 2009) 
and the promotion of alternative reserve currencies 
to the U.S. dollar (Zhou 2009). But such proposals 
are simply coping mechanisms, designed to main- 
tain the status quo, rather than effective solutions 
for the system’s inherent problems (Carney 2009). 
Broader proposals, such as moving to a single world 
reserve currency—with the International Monetary 
Fund (IMF) as lender of last resort—are patently 
impractical. Missing from the current debate is a 
well-articulated vision for an efficient and resilient 
IMS—one consistent with both the individual and 
collective best interests of all countries. Also absent 


1 See Fischer (2009), Carney (2009), Rajan (2010), Obstfeld and Rogoff 
(2009) and Banque de France (2011). 
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are the strategies needed to move toward such a 
vision from the current predicament. 


This article begins with an assessment of the 
existing IMS, noting its strengths, but also high- 
lighting its ongoing weaknesses. We then propose 
an avenue for the reform of the IMS, in which all 
systemically important countries and currency areas 
adopt market-based and convertible floating 
exchange rates supported by appropriate monetary, 
fiscal and financial sector policies.” * We also 
explore the roles of the G-20 countries and major 
international financial institutions in facilitating this 
transition. 


An IMS in which flexible exchange rates predominate 
would be much more resilient and stable since it 
would allow more timely and symmetric, and thus 
more efficient, adjustment to shocks, thereby pre- 
cluding persistent external imbalances and large 
accumulations of reserves.* These changes would 
facilitate the transformation of the IMS into a more 
market-based and decentralized system that would 
better accommodate the emerging multi-polar global 
economy. 


Characterizing the International 
Monetary System 


The IMS comprises the policies and official arrange- 
ments related to the international balance of pay- 
ments (Carney 2009; Lipsky 2010). Specifically, the 
IMS consists of arrangements for (i) exchange rates, 
(ii) Current payments and capital flows, and (iii) inter- 
national reserves. It is also (iv) a collection of institu- 
tions, rules, standards and conventions that govern 
its operation. 


Exchange rates 


The current IMS has been characterized as a hybrid 
or non-system, because the systemically important 





2 Fiscal policy must be sustainable and therefore coherent with monetary 
and exchange rate policies. Indeed, the overall coherence of medium- 
term frameworks for exchange rate and monetary, fiscal and financial 
sector policies is critical for maintaining internal and external stability. 

3 In this vision, small economies, for which the advantages of an in- 
dependent monetary policy are outweighed by transactions costs in 
both trade and finance, would have a permanent fixed exchange rate, 
either a hard peg or acommon currency. 

4 Historically, there are several examples of large and persistent current 
account imbalances being driven by market forces and having a positive 
welfare impact; for example, large flows of foreign direct investment into 
Australia’s resource sector and into Canada’s infrastructure at the end 
of the nineteenth century. It is important to note, however, that these 
imbalances were accompanied by significant appreciations in the real 
exchange rate. 


countries do not share the same exchange rate 
regime or nominal anchor. Roughly two-thirds of 

the 40 largest countries in the world (measured by 
market-based GDP) have floating exchange rates, 
and one-third have exchange rates that are managed 
or fixed, representing roughly three-quarters and 
one-quarter of global GDP, respectively. Until 
recently, the number of countries with floating 
exchange rates had been increasing, but this trend 
has stopped, if not reversed. 


Current payments and capital flows 


Most advanced countries have convertible curren- 
cies and open capital accounts. Practices among 
EMEs differ, but until the 2007-09 crisis, the trend 
had been to remove controls and liberalize these 
payments and capital flows. 


Since 2000, these arrangements have contributed to 
the buildup of persistent and large current account 
surpluses and deficits, as a percentage of both 
global and national GDP (Chart 1). For example, the 
U.S. current account deficit peaked at almost 6 per 
cent of GDP in 2006, and Chinese surpluses at 

10.1 per cent of GDP in 2007. While the financial 
Crisis led to a reduction in these imbalances, this 
was largely the result of the cyclical downturn in 
advanced economies, which depressed their demand 
for imported goods and services. Current account 
imbalances are therefore expected to persist over 
the coming years as these economies recover. Even 
more striking is the rapid increase in capital flows 


Chart 1: Global imbalances 
Current account as a percentage of global GDP 
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Chart 2: Total G-20 gross foreign assets and liabilities 
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and gross holdings of foreign assets and liabilities. 
From 1970 to 2007, gross foreign assets and liabil- 
ities increased from 40 per cent of GDP to nearly 
300 per cent of GDP for G-20 countries (Chart 2). 
Moreover, changes in gross foreign assets and 
liabilities have swamped movements in the current 
account. This dramatic rise in gross flows, which 
reflects the increase in financial globalization, is one 
of main structural changes in the IMS in recent 
years. These closer financial links among countries 
facilitated the transmission and magnified the impact 
of the financial crisis. 


International reserves 


Many advanced economies with a flexible exchange 
rate have reduced their holdings of reserves as a 
percentage of GDP over the post-Bretton Woods 
era. In contrast, a notable feature of the IMS over the 
past decade has been the rapid accumulation of 
reserves in emerging economies, concurrent with the 
increase in current account imbalances. From 2000 
onward, these reserves have risen from less than 
US$1 trillion to almost US$7 trillion (Chart 3), much 
of which is invested in U.S. government debt. By 
most metrics, this buildup far exceeds that needed 
for precautionary purposes. For example, reserves 
have increased significantly as a percentage of GDP 
for the BRIC economies (Brazil, Russia, India and 
China) (Chart 4). Substantial and persistent current 
account imbalances and the resulting extraordinary 
accumulation of reserves speak directly to the lack 
of timely and symmetric adjustment of real exchange 
rates in the IMS. 


Chart 3: Reserves in emerging and developing 
economies 
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Chart 4: BRIC reserves 
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Institutions 


The IMS is overseen by a complex and evolving set 
of institutions that seek to establish and promote 
compliance with a wide variety of rules, standards 
and conventions in terms of both macroeconomic 
and financial sector policies (Figure 1).* The over- 
arching goal of this global financial architecture is 
to preserve global financial and monetary stability. 
The key institutions that monitor and oversee the 
system—the IMF, the Bank for International 
Settlements (BIS), the Financial Stability Board (FSB) 
and the G-20—identified many of the risks that sub- 
sequently materialized during the 2007-09 crisis. 
But they failed to appreciate the true magnitude of 


5 The choice of an exchange rate regime is a sovereign decision of the 
individual country. The IMF and other institutions can only exercise 
surveillance over a country’s policies and make non-binding policy 
recommendations. 
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Figure 1: Historical overview of the international 
monetary system 
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the risks and their consequences if realized, or 

to gain the political traction necessary to reform 
members’ policies and allow adjustment to external 
imbalances. They were thus ineffective in preventing 
the buildup of the macroeconomic and financial 
vulnerabilities that contributed to the crisis.® 


Assessing the System: Some 
Strengths, but Many Weaknesses 


Strengths 


The current IMS has facilitated an enormous expan- 
sion of global growth, trade and financial integration: 
since the 1970s, annual growth in global GDP has 
averaged more than 3 per cent, global trade has 
increased by nearly double the rate of GDP, and 
gross foreign assets and liabilities by more than 
three times. Most importantly, this expansion has 
included the integration of China and India—nearly 
one-third of the world’s population—into the global 
economy. Between 1980 and 2010, China’s economy 
rose from the world’s twelfth largest to the second 
largest, as its size increased more than twelvefold. 
Globalization, particularly in the form of trade and 
foreign direct investment, has allowed China not only 
to benefit from access to markets, technology 
transfer and increased specialization, but also to 
realize its comparative advantage in producing 
labour-intensive manufactured goods. Despite the 


6 The IMF’s Independent Evaluation Office (2011) notes many of the short- 


comings in Fund surveillance during the lead-up to the crisis. 


banking, sovereign debt and currency crises that the 
IMS has experienced since the breakdown of the 
Bretton Woods system, it has generally functioned 
well in supporting increased trade and capital flows. 


Weaknesses 


In theory, the fact that countries have different nom- 
inal anchors for their monetary policy frameworks 
(price stability versus exchange rate stability) is not 
necessarily a problem for the stability of the IMS, as 
long as market-based adjustment of real exchange 
rates can take place in response to shocks, either via 
movements in the nominal exchange rate or through 
changes in domestic wages and prices. Without a 
commitment to allow real exchange rate adjustment, 
the current IMS is plagued by two fundamental and 
pervasive asymmetries. 


Under fixed exchange rates, surplus 
countries can thwart the conventional 
adjustment mechanism with sterilization 


First, there is no effective channel through which 
market pressures can, in a timely manner, force 
countries with managed or fixed exchange rates 
and with balance of payments surpluses to permit 
equilibrating adjustment in their real exchange rates. 
In particular, under fixed exchange rates, surplus 
countries can thwart the conventional adjustment 
mechanism by sterilizing the impact of the balance of 
payments surplus on the money supply. Sterilization 
involves central bank sales of government bonds or 
central bank bond issuance to the private sector (or 
to a state-owned or -controlled banking sector). 
This is typically done in the presence of capital con- 
trols, which essentially prevent the private sector 
from undoing the central bank’s sterilized foreign 
exchange intervention.” 


Second, a unilateral depreciation of the real 
exchange rate is very difficult to achieve under a 
fixed exchange rate regime, because domestic 
prices and wages are generally less flexible down- 
ward than upward. Depreciation consequently 
requires large and painful gaps in output and 
employment, as have been experienced in Greece 
and Spain in the aftermath of the crisis. 


7 \Inasimilar vein, the reserve ratio for banks can be increased to absorb 
the excess liquidity resulting from exchange rate interventions. For 
instance, China has increased its reserve ratio from 17 per cent to 
21.5 per cent over the past year. 





4A THE INTERNATIONAL MONETARY SYSTEM: AN ASSESSMENT AND AVENUE FOR REFORM 


BANK OF CANADA REVIEW ® AUTUMN 2011 


These two effects contribute to one of the major 
weaknesses of the IMS—the lack of symmetric 
adjustment. Simply, surplus countries can thwart 
adjustment far longer than deficit countries, and thus 
adjustment is often borne disproportionately by the 
latter, with harsh consequences. When it occurs on a 
global scale, the lack of symmetric adjustment can 
lead to deficient global demand. 


The increasing proportion of the global GDP in the 
hands of countries that have managed or fixed 
exchange rate regimes and capital controls, and that 
are accumulating and sterilizing reserves, represents 
an unprecedented threat to the stability of the IMS 
and the global economy. In fact, countries whose 
currencies comprise more than 50 per cent of the 
U.S. real effective exchange rate (REER) are actively 
thwarting adjustment. To gauge the effect of these 
interventionist policies, it is useful to compare their 
impact on real exchange rates by comparing the 
movements in the REER of East Asian EMEs that 
have largely maintained this set of policies with those 
of Latin American EMEs that have largely embraced 
flexible exchange rates, open capital accounts and 
inflation targeting. While the Latin American EMEs 
have experienced a significant appreciation in their 
real exchange rates, as the Balassa-Samuelson 
hypothesis would predict, the real exchange rates of 
the Asian EMEs have remained relatively unchanged 
(Chart 5). As countries thwart adjustment in their 
exchange rates, that adjustment can be displaced 
onto countries with open capital markets and floating 
exchange rates (Chart 6).® 


This lack of symmetric adjustment has caused large 
and persistent imbalances in trade and in current 
accounts, as well as unbalanced economic growth. 
For example, China, as well as other EMEs that com- 
pete with China in third markets, has tried to forestall 
REER adjustment to its current account and balance 
of payments surpluses. China has resisted growing 
international pressure to increase the flexibility of its 
heavily managed exchange rate, which has allowed it 
to maintain an undervalued exchange rate and to 
promote export-led employment and output growth. 
China and other countries in similar circumstances 
are frustrating adjustment in their real exchange rates 
by accumulating reserves and sterilizing the impact on 
the domestic money supply. In China, the resultant 
financial repression and disintermediation, caused by 
the banking sector’s absorption of central bank 


8 Although the displaced adjustment seen in Chart 6 was not the sole 
factor behind the appreciation of the Canadian, Australian and Swiss 
currencies, it had an impact. 
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sterilization bonds, precludes efficient intermediation, 
leading many Chinese, especially the owners of small 
and medium-sized enterprises, to boost their savings 
to self-finance their investments (Chart 7). 


These structural imbalances contributed to the finan- 
cial crisis by channelling excess global savings into 
the U.S. capital market and exposing regulatory and 
supervisory gaps in the U.S. financial system. These 
flows set off a search for yield and created undue 
pressure to generate highly rated assets (Bernanke 
2011), partly by creating incentives to exploit cracks 
in the regulatory framework and undertake destabil- 
izing regulatory arbitrage across domestic and 
international regulatory jurisdictions (Rajan 2010; 
Obstfeld and Rogoff 2009). 
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Chart 7: Excess Chinese savings 
% GDP 
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There is evidence that these flow imbalances are 
now re-emerging because real exchange rates have 
remained relatively unchanged. These flow imbal- 
ances are Causing an ever-increasing stock imbal- 
ance. EME reserves, which are enormous, are largely 
invested in U.S.-dollar assets. Consequently, they 
represent a substantial source of vulnerability in the 
global economy because of their sheer size and lack 
of diversification. Reserve holders would incur sig- 
nificant capital losses if the U.S. dollar were to 
depreciate.? 


To address the flow and stock imbalances that 
threaten the global economy, the IMS needs to be 
reformed. In the next section, we outline our vision 
for the IMS and make the case for its adoption. 


Renewing the International 
Monetary System 


Given the pervasive imbalances, currency tensions 
and vulnerabilities, there is a strong need to reform 
the international monetary system to permit more 
symmetric and timely exchange rate adjustment, 
especially among systemically important countries. 
Such an adjustment would facilitate the equilibration 
of trade and capital flows and prevent the re- 
emergence of large external imbalances. 


9 In addition, this enormous reserve accumulation is creating a modern 
version of the Triffin dilemma, as countries accumulate more and more 
assets of lower and lower quality, thus reducing the probability that they 
will be paid back in full. This accumulation also increases the likelihood 
that their currency will eventually appreciate, causing capital losses 
on their holdings of foreign-currency assets. See Gourinchas, Rey and 
Truempler (2011) for a fuller discussion. 


The various configurations of the IMS over the past 
140 years have not managed to produce a system 
that is resilient to large shocks over the long run. 
Figure 1 depicts the evolution of the IMS since 1870, 
from the gold standard and gold-exchange standard, 
to the Bretton Woods system (fixed, but adjustable, 
exchange rates, based on the U.S. dollar as the 
international reserve currency), and to the current 
“hybrid” system. The IMS is not static: the current 
system represents an evolution along a continuum 
of possible systems. 


The respective configurations of the IMS have one 
common feature: in each case, fixed exchange rate 
regimes were unable to withstand large shocks. Since 
surplus countries can thwart exchange rate adjustment 
far more easily than deficit countries, the latter often 
bear a disproportionate share of the adjustment. The 
history of the IMS also shows that the system functions 
only if systemically important countries follow policies 
that are consistent with the system. For example, in 
principle, the gold-exchange standard should have 
allowed for symmetric adjustment; however, throughout 
the 1920s, France and the United States, as surplus 
countries, prevented adjustment through sterilized 
intervention (pushing deflation onto the United 
Kingdom, the main deficit country). Similarly, symmetric 
adjustment failed to occur in the 1960s during the 
Bretton Woods era and over the past decade. The main 
lesson from history is that it is not the choice of reserve 
asset that matters, but whether countries follow poli- 
cies that permit real exchange rate adjustment. 


A new vision is therefore required, one that 
embodies the following characteristics: 


¢ promotes timely and symmetric adjustment to 
shocks, 


¢ prevents large external imbalances and crises, 
¢ provides sufficient global liquidity, and 
¢ maintains confidence in the system. 


The last two characteristics are critical for achieving 
global economic stability in the context of increasing 
financial globalization. The IMS also needs to be 
supported by an appropriately constituted set of 
international institutions, which comprise the global 
financial architecture that can effectively promote the 
desirable characteristics listed above. 


To achieve an IMS in which timely and symmetric 
exchange rate adjustment is market based and thus 
inherent to the system, all systemically important 
countries and currency areas should have flexible 
exchange rates in conjunction with a monetary policy 
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framework consistent with achieving price stability— 
normally defined as low, stable and predictable 
inflation. Such a monetary policy framework must 
itself be underpinned by a fiscal policy that ensures 
sustainable public finances and therefore preserves 
the central bank’s ability to achieve price stability, 
and by a financial sector policy that promotes finan- 
cial system stability via resilient financial institutions 
and markets to ensure the efficient intermediation of 
savings and the effective transmission of monetary 


policy. 


Evidence from a number of countries has shown that 
a flexible, market-determined exchange rate adjusts 
quickly in response to economic shocks, thereby 
acting as a “shock absorber” by mitigating the 
impact of the shock on real economic activity and 
welfare.’ It is important to note that this adjustment 
is symmetric: it occurs for both negative and positive 
shocks, and it occurs for shocks to both assets 

and goods markets. A flexible exchange rate thus 
increases the resilience of the domestic economy to 
both external and internal shocks. 


Flexible exchange rates, 
by themselves, 
are not a panacea 


Flexible exchange rates, by themselves, are not a 
panacea, however. Indeed, the experience from the 
period immediately after the collapse of the Bretton 
Woods system clearly indicates that, in the absence 
of a domestic nominal anchor for inflation expecta- 
tions supported by a coherent framework for macro- 
economic and financial sector policy, flexible 
exchange rates can be volatile and display over- 
shooting behaviour."* 


Although it took almost 20 years after the collapse 
of the Bretton Woods system, public authorities 
eventually recognized that a well-functioning, flexible 
exchange rate regime must be supported by central 
banks with a mandate of price stability and by fiscal 
authorities that allow central banks the operational 
independence to pursue this goal. As a conse- 
quence, the volatility and dramatic misalignments 


10 See, for example, Murray, Schembri and St-Amant (2003), for a recent 
study of Canada, and Broda (2004) for a study of a set of developing 
countries. 

11 The most notable example occurred during the Reagan-Volcker era in 
the early to mid-1980s, when the U.S. dollar appreciated almost 40 per 
cent on a real effective basis and then depreciated by almost the same 
absolute amount. 


of exchange rates among Western economies that 
occurred in the 1970s and 1980s declined. 


The adoption of formal inflation targets by New 
Zealand and Canada in 1990 and 1991, respectively, 
has led to broader acceptance of this monetary 
policy framework by an expanding set of countries 
that includes the United Kingdom, Sweden and 
Norway, as well as South Africa, Israel, the Czech 
Republic and most countries in Latin America.*? 
Indeed, the widespread adoption of monetary policy 
frameworks consisting of a flexible exchange rate 
with a price-stability mandate ushered in the era of 
the “Great Moderation,” as the combination of 
shock-absorbing flexible exchange rates and well- 
anchored inflation expectations provided a solid 
basis for strong economic performance in many of 
these countries. 


Rose (2007) and Mihov and Rose (2008) obtain three 
important results concerning the monetary policy 
framework of a formal inflation target and a flexible 
exchange rate that support our proposed vision 

for the IMS. First, they find that such a framework 
reduces exchange rate volatility because it provides 
a credible anchor for inflation expectations. Second, 
and of particular importance for EMEs, they find that 
countries with this framework experience fewer 
“sudden stops” or reversals in capital flows. A flex- 
ible exchange rate adjusts to mitigate the volatility 

of capital flows by appreciating (depreciating) when 
net inflows are positive (negative). It also provides 
two-way risk to domestic borrowers and foreign 
investors, thus reducing moral hazard. Unlike a 
pegged exchange rate, a flexible rate does not offer 
a promise, either explicit or implicit, to maintain the 
exchange rate unchanged. The exchange rate risk 
must therefore be borne by the parties involved, 
providing them with an incentive to manage their 
foreign exchange exposures prudently or hedge their 
exposures. This provides an impetus for the develop- 
ment of hedging markets and eliminates the need 
for capital controls. Third, they find that the durability 
of this monetary policy framework is historically 
unprecedented: it has been in place for almost 

20 years, and no country has abandoned an inflation- 
targeting framework. 


The currency crises of the 1990s in Europe, Mexico, 
Russia and East Asia spurred the wider adoption 

of this monetary policy framework. These crises 
demonstrated the difficulty of maintaining pegged 


12 In addition, while some countries or regions, such as the United States, 
Japan and the euro area, do not have explicit inflation targets, their 
central banks are independent and have a price-stability mandate. 
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exchange rate regimes in the absence of widespread 
capital controls. Such “soft” pegs proved to be sub- 
ject to self-fulfilling speculative attacks because they 
offered attractive one-way bets to speculators who 
knew that politicians were not willing to sacrifice 
domestic economic goals to preserve the pegged 
rate. 


From this negative experience with soft-pegged 
exchange rates and the contrasting positive experi- 
ence with flexible exchange rates came the bipolar 
view of exchange rate regimes (Obstfeld and Rogoff 
1995; Fischer 2001). The bipolar view maintained that 
countries had two choices when it came to exchange 
rate regimes: adopt either a hard, fixed exchange 
rate regime (Such as a common currency, as among 
euro-area countries; the use of a foreign currency, 
such as the dollar or euro, as with Ecuador or 
Bosnia; or a currency board, as in Bulgaria) or a 
flexible exchange rate regime with a monetary policy 
goal of price stability.** 


While the bipolar view provided a coherent vision for 
the IMS, it did not address transitional issues, espe- 
Cially with respect to financial market development. 
Many countries were not prepared to jump to this 
vision immediately, and the lack of articulation and 
consensus surrounding the evolution of the policy 
frameworks proved to be a serious obstacle. 
Moreover, in the face of instability in the IMS, many 
EMEs felt compelled to maintain the status quo. 
However, moving toward a more flexible market- 
based exchange rate can help alleviate the distortions 
created by a heavily managed, undervalued exchange 
rate.'* In particular, if the exchange rate were allowed 
to appreciate gradually, it would boost domestic pur- 
chasing power, which would increase domestic con- 
sumption, and raise imports, since they would 
become relatively less expensive. Concerns that such 
a move would have a large negative impact on export 
competitiveness are often overstated, because the 
increase in purchasing power would mitigate wage 
demands. Furthermore, domestic prices and wages 
would adjust to reduce the impact of any apprecia- 
tion. Finally, increased exchange rate flexibility would 
increase monetary policy autonomy, allowing 
domestic authorities more scope to control rising 
inflation without resorting to altering reserve ratios 


13 Note that a hard, fixed exchange rate effectively defines the domestic 
monetary policy framework in the context of capital mobility because 
maintaining the fixed rate essentially becomes the goal of monetary 
policy. 

14 Chinese Premier Wen Jiabao stated, “In the case of China, there is a lack 
of balance, coordination and sustainability in the economic development” 
(Wen 2010). 
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and other types of credit controls, which are generally 
less effective. In the absence of nominal exchange 
rate flexibility, adjustment of the real exchange rate 
would tend to occur through rising prices and 
increasing inflationary pressures as market forces 
eventually assert themselves, as is the case in China. 
Higher inflation could, however, undermine financial 
stability, because asset prices would also increase. 
For example, housing prices in China have risen more 
than 60 per cent since July 2009 (Chart 8). 


In asset markets, increased exchange rate flexibility 
would reduce the need for the rapid accumulation of 
reserves and sterilization. Thus, banks, in turn, could 
redirect deposits away from purchases of steriliza- 
tion bonds and toward loans to households and 
firms, thereby reducing the pressure on them to 
self-finance with excess savings. Greater exchange 
rate flexibility would also create an incentive for the 
development of financial markets: first to hedge 
exchange rate risk, and second to create a short- 
term money market or government securities market 
to serve as a basis for broader capital-market 
activities. Such a market would allow the central 
bank to eventually adopt a short-term interest rate 
instrument for monetary policy—a more efficient way 
of influencing monetary conditions than the existing 
quantitative instruments or controls, namely, the 
reserve ratio. 


As financial markets and banking activities develop, 
capital controls can be loosened, but again, the flex- 
ible exchange rate would help stabilize capital flows 
since it would tend to appreciate (depreciate) when 
there are net inflows (outflows), reducing the incen- 
tives for such flows. Many Latin American countries 
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have experienced an expansion and deepening of 
their financial markets, including the development of 
local-currency bond markets, following the adoption 
of a more flexible market-based exchange rate. This 
policy has been underpinned by strong fiscal and 
monetary policy frameworks, as well as robust finan- 
cial sector regulation and supervision. This gradual 
path to liberalization and financial market develop- 
ment would also have substantial benefits for China. 


Given China’s leadership position in East Asia, 
among EMEs and in the G-20, the movement toward 
a flexible exchange rate regime would help to pro- 
mote widespread adoption of this regime and would 
have important positive effects on the global 
economy. Reform of the global financial architecture 
would also help countries pursue this avenue of 
policy reform. 


Renewing the Global Financial 
Architecture 


As a result of the crisis, comprehensive plans are 
being put in place to overhaul domestic and inter- 
national financial structures. Although this reform 
process is ongoing, much has been accomplished. 
The G-20 succeeded the G-7 as the premier eco- 
nomic forum. With its broader representation, which 
includes the major EMEs, and the regular participa- 
tion of leaders, the G-20 can provide the leadership 
and legitimacy to increase the political traction of 
economic reform. 


The G-20 can provide the leadership 
and legitimacy to increase the political 
traction of economic reform 


The FSB superseded the Financial Stability Forum. 
In addition to the name change, its membership has 
expanded from the G-10 to beyond the G-20 to 
include other countries with significant financial 
sectors, such as the Netherlands and Singapore. 
The FSB has been given a clear mandate to take 
the lead on financial sector reform in several areas, 
including Basel Ill standards for bank capital and 
liquidity, shadow banking, financial market infra- 
structure and systemically important financial institu- 
tions. The representation of the IMF has also been 
renewed to better reflect the composition of global 
economic activity and thus give EMEs a larger voice 
and a greater stake in preserving global economic 


and financial stability. The IMF has also been given 
more resources and has expanded its precautionary 
facilities to allow countries access to contingent 
funding should an adverse event occur. In general, 
all of the key global institutions have been strength- 
ened and have become more representative of the 
global economy, with the intention that EMEs will 
take more responsibility for maintaining the stability 
of the IMS. 


The global financial architecture that is emerging 
from the crisis has, now more than ever, the capacity 
to promote and support the transition of the current 
IMS to one with greater exchange rate flexibility, 
more timely and symmetric adjustment to external 
imbalances, and greater global financial stability. 
Broadly speaking, the G-20 leaders can provide 
direction, the IMF can offer significant analytic cap- 
acity, and the FSB can coordinate financial sector 
reforms with all of the key players at the table. The BIS, 
which provides a useful forum for co-operation between 
central banks, could also play an expanded role. 


Because the international financial institutions 
cannot impose economic policies on sovereign 
countries, the G-20 has established the Framework 
for Strong, Sustainable and Balanced Growth to 
encourage its systemically important member coun- 
tries to co-operate and move toward greater 
exchange rate flexibility and more sustainable 
macroeconomic and financial policy frameworks for 
their individual and collective benefit. To this end, the 
Framework incorporates a mutual assessment pro- 
cess of macroeconomic and financial sector policies 
to increase the global coherence of medium-term 
policy frameworks. Balanced growth implies that 
current account and fiscal positions should shrink 

to ensure that global growth is also sustainable. An 
important outcome of this process is a G-20 Action 
Plan to identify and coordinate the needed macro- 
economic and financial reforms. 


Concluding Remarks 


The international monetary system is not working 
and needs reform. The lack of exchange rate adjust- 
ment not only led to the emergence of the substan- 
tial external imbalances in the United States and 
China, which contributed to the financial crisis of 
2007-09, but is also forestalling the rotation of global 
demand needed to strengthen the global economic 
recovery. Indeed, the very weak and protracted 
recovery in the United States and Europe is aggra- 
vating their fiscal and financial problems. 
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Although the IMS has been plagued throughout its 
history with serious adjustment problems after major 
shocks, the precarious status quo is not an option. 
The G-20 countries and the major international finan- 
cial institutions must take steps to achieve an IMS 
founded on coherent medium-term macroeconomic 
and financial policy frameworks that are consistent 
with strong, sustainable and balanced global growth. 
These frameworks would include increasingly flexible 
and more market-determined nominal and real 
exchange rates for all systemically important coun- 
tries. To help the IMS advance to this desired end 
state, the institutions overseeing the global financial 
architecture will also need to become better gov- 
erned, more coordinated and more effective. 
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Liquidity Provision and Collateral 
Haircuts in Payments Systems 





James Chapman, Financial Stability Department; Jonathan Chiu and Miguel Molico, Funds Management 


and Banking Department 


¢ Central banks play a pivotal role in well-functioning 
payments systems by providing liquidity via col- 
lateralized lending. 


¢ Collateral haircuts limit the exposure of the central 
bank’s balance sheet to credit, market and liquid- 
ity risk, and have potential policy implications 
because of their influence on financial market 
participants and on the relative liquidity of financial 
assets. 


e Central banks must consider how their haircut 
policies affect the market’s asset allocation, the 
relative price and liquidity of assets, and the likeli- 
hood of participants to default. 


e Under extraordinary circumstances, there is a 
rationale for the central bank to temporarily reduce 
haircuts or broaden the list of eligible collateral to 
mitigate the shortage of liquidity in the market. 


central banks may need to provide liquidity to 

financial institutions, financial markets and 
financial market infrastructure.’ This includes the 
extension of intraday and overnight loans to promote 
a safe and efficient payments system. When 
extending these loans, the central bank typically 
requires collateral (assets pledged as security) to 
protect its balance sheet against the risk of default 
by the borrower (credit risk).? In addition, the central 
bank also applies a discount (haircut) to the market 
value of the instruments pledged, as protection 
against a decline in the value of the collateral (market 
risk) and a decline in the asset’s marketability 
(liquidity risk).* Given the pivotal role of the central 
bank in the financial system, the design of its collat- 
eral policy is important. In particular, what should the 
size of haircuts be and how should that size vary 
under different financial system conditions? 


|: maintain monetary and financial stability, 


Haircuts are typically chosen 
to protect lenders in the event of 
a borrower’s default 


This article examines how haircuts on collateral 
pledged to the central bank are determined. Haircuts 
are typically chosen to protect lenders against 
market and liquidity risk in the event of a borrower’s 


1 Financial market infrastructure includes exchanges, central counter- 
parties, and payment and settlement systems. Under the Payment 
Clearing and Settlement Act, the Bank of Canada is responsible for the 
regulatory oversight of clearing and settlement systems with a view to 
controlling systemic risk. 

2 A\list of eligible securities and margin requirements for the Bank of 
Canada’s Standing Liquidity Facility as of 7 September 2010 is available 
at <http://www.bankofcanada.ca/wp-content/uploads/2011/08/ 
securities_160710.pdf>. 

3 Note, however, that a central bank is better able to absorb liquidity risk 
than private agents, owing to its ability to create liquidity. 
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default. Recent research argues that the central 
bank should also consider the impact of its haircut 
policy on the risk-management incentives and asset- 
portfolio decisions of its counterparties and on the 
relative market liquidity of securities.* * These 
effects arise from the central bank’s unique ability to 
create liquid settlement assets and because it is a 
major participant in the financial system, owing to 
the size of its balance sheet and the fact that it can 
undertake much larger market interventions than 
private sector institutions. 


The article begins with a discussion of the central 
bank’s role in providing liquidity in payments sys- 
tems, as well as the role of collateral and haircuts in 
central bank lending. Particular institutional details 
are provided for the Canadian context. The next 
section focuses on the distinguishing features of a 
central bank’s haircut policy relative to private sector 
practices. This is followed by a review of recent 
research on the determination of the optimal level of 
haircuts, using a model that explicitly incorporates 
the central bank’s unique position in the payments 
system. The article concludes with an examination of 
the implications of this research for central bank 
haircut policy. 


Liquidity Provision in Payments 
Systems 


Financial institutions send payments to each other 
continuously throughout the day on their own behalf 
and on behalf of their clients. These payment flows 
arise from the underlying economic activities of 
payments-system participants and their clients. 
Although particular arrangements and institutional 
details differ from country to country and from 
system to system, central banks generally play an 
important role in the provision of liquidity to these 
payments systems and in their oversight. Central 
banks typically require collateral and face a funda- 
mental trade-off between risk and liquidity when 
setting their haircut policies. 


The Large Value Transfer System (LVTS) is the main 
settlement system in Canada. It is used to complete 
large-value, time-critical payments arising from the 


4 The idea that collateral policy can play an important role in influencing 
the development of financial markets has been known for some time. 
It has influenced Bank of Canada actions to promote the development 
of Canadian financial markets since the 1950s and has underpinned 
technical advice provided by the International Monetary Fund and the 
World Bank, among others, for many years. 

5 Market liquidity refers to the ability to quickly sell an asset without caus- 
ing a significant movement in its price. 


day-to-day business activities of households, cor- 
porations and financial institutions, and to settle 
Canadian-dollar obligations arising from securities 
and foreign exchange transactions.® 


The Bank of Canada plays a central role in the day- 
to-day operation and oversight of the LVTS. 
Participants in the system use claims on the Bank 
(reserve accounts at the Bank of Canada) to settle 
their net payment obligations with other direct par- 
ticipants. The Bank also supplies liquidity to the 
system via collateralized intraday and overnight 
loans to LVTS participants (see Box). The Bank is 
also responsible for overseeing the operation and 
risk controls of the LVTS, given the LVTS’s designa- 
tion as a systemically important system. 


Intraday finality and the Bank of Canada’s 
residual guarantee 


The LVTS processes payments in real time, and 
settlement of the system occurs on a multilateral net 
basis at the end of the day. During the day, pro- 
cessed payments are final and irrevocable. This 
immediate intraday finality is achieved because the 
Bank of Canada explicitly guarantees that settlement 
will occur, even in the event of multiple defaults.” 
This is facilitated through the use of collateral to 
secure participants’ intraday net debit (negative) 
positions and by a residual guarantee provided by 
the Bank. 


The Bank of Canada explicitly 
guarantees that settlement will occur, 
even in the event of multiple defaults 


Since payments are not fully funded by senders’ 
settlement balances or fully collateralized by the 
senders’ and/or recipients’ collateral holdings, this 
central bank guarantee of intraday finality provides 
an implicit intraday credit to system participants. 


6 Arjani and McVanel (2006) provide an overview of the structure of the 
LVTS and its relationship to the Canadian financial system. The LVTS 
is owned and operated by the Canadian Payments Association and is 
overseen by the Bank of Canada. See also the information contained in 
the backgrounder on the LVTS at <http://www.bankofcanada.ca/about/ 
backgrounders/large-value-transfer-system-lvts/>. 

7 |f multiple participants default and if the collateral assigned to the 
system is insufficient to cover the total value of their obligations, the 
Bank of Canada would take possession of the available collateral and 
become an unsecured creditor of the defaulting institutions for the 
amount remaining after the collateral has been sold. 
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Collateral Requirements Under Tranche 1 and Tranche 2 
of the LVTS 


The Large Value Transfer System (LVTS) is a real- 
time, electronic wire transfer system that pro- 
cesses large-value, time-critical payments quickly 
and continuously throughout the day. It assures 
participants and their customers that, once a 
payment message has passed the system’s risk- 
control tests, the transaction is settled on the 
books of the Bank of Canada on the same day, 
regardless of what happens to any of the partici- 
pants afterward. 


The sender of an LVTS payment can choose 
between two payment streams: Tranche 1 and 
Tranche 2. Each tranche has a corresponding 
risk-control limit. 


A participant can send a Tranche 1 payment as 
long as the net amount that it owes (the balance of 
all its Tranche 1 payments sent and received) is 
less than the collateral that it has pledged to the 
Bank of Canada for Tranche 1 activity. Should the 
participant default during the course of that day, 
this collateral would be used to cover any net 
negative position in this payment stream. For this 
reason, Tranche 1 payments are known as 
“defaulter-pays.” 


Under Tranche 2, each participating institution 
begins the day by granting a bilateral credit limit 
(BCL) (which can be zero) to every other partici- 
pating institution—the largest net exposure that it 
is prepared to accept from another participant on 
that day. These BCLs limit the negative position 
that each participant can take vis-a-vis other 
participants. In addition, each participant (as a 
sender) has a multilateral net debit cap, calculated 
as the sum of all BCLs extended to it, multiplied 
by a specified system-wide percentage set by the 
Canadian Payments Association. This multilateral 
cap limits the exposure of each participant in 


relation to the whole system and therefore the 
potential magnitude of any default. Each partici- 
pating financial institution pledges collateral to the 
Bank of Canada in an amount equal to the largest 
BCL that it has extended to any other institution, 
multiplied by the specified system-wide per- 
centage. If a participating institution fails, its col- 
lateral is seized and used to meet its obligation. If 
the defaulter’s collateral is insufficient, the loss- 
allocation procedures distribute any remaining 
obligation proportionally among survivors on the 
basis of the BCLs granted by survivors to the 
failed institution. The survivors’ obligation is not 
unlimited: it will never be larger than the amount 
of collateral they have pledged to the Bank. The 
collateral pledged by system participants is always 
sufficient to cover the failure of the institution with 
the largest possible amount owing to the system, 
i.e., the institution with the largest net debit cap. 
Tranche 2 has been described as “survivors-pay,” 
since surviving financial institutions may be called 
upon to absorb the losses associated with a 
failure (after the defaulter’s collateral is seized and 
used to meet its obligations). In the event of mul- 
tiple defaults, the same process is used: first the 
defaulters’ collateral is used, then the survivors 
face a loss allocation. If an obligation remains, the 
Bank will contribute the funds to settle the system 
under its residual guarantee. 


Tranche 2 payments make up the great majority of 
the volume and value of payment transfers in the 
LVTS, principally because of savings in collateral 
relative to Tranche 1 operations. Nevertheless, 
participants who want immediate real-time settle- 
ment equivalency prefer Tranche 1 payments, 
even though they come with higher collateral 
costs. 
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The Standing Liquidity Facility 


The Bank also facilitates settlement of the LVTS by 
routinely extending overnight collateralized loans 
through the Standing Liquidity Facility (SLF) to direct 
LVTS participants that are experiencing temporary 
shortfalls in their settlement balances at the end of 
the day. These advances provide participants with 
access to a reliable source of liquidity should they 
need to fund their end-of-day payment obligations, 
thus helping them to transfer payments efficiently 
among themselves during the day.® The interest rate 
on the overnight loan is set at the upper limit of the 
Bank of Canada’s operating band for the overnight 
interest rate (the Bank Rate).° 


Collateral services 


The Bank establishes eligibility criteria for the various 
asset types that can be pledged intraday to collat- 
eralize bilateral credit limits or overnight through the 
SLF. It provides the LVTS system operator, the 
Canadian Payments Association, with valuations of 
the securities that are pledged as collateral. The 
Bank values and monitors the collateral pledged by 
LVTS participants on an ongoing basis. 


The Role of Collateral and 
Haircuts in Central Bank Lending 


Why lend against collateral? 


Lenders require the pledging of assets to secure a 
loan, primarily to protect themselves against the risk 
of default by the borrower. As a public institution, a 
central bank requires collateral to protect its balance 
sheet against such risk."® 


While small financial losses would likely have minor 
consequences, the negative effect of a significant 
loss on the central bank’s balance sheet could pot- 
entially affect its ability to achieve its monetary policy 
and financial stability objectives. It could also under- 
mine public confidence in the central bank. Any 
central bank financial loss from defaulted loans will 


8 For more information on the function of the Bank of Canada as “lender 
of last resort,” see <http://www.bankofcanada.ca/financial-system/ 
lender-of-last-resort/>. 

9 This provides LVTS participants with a pricing incentive to first look for 
other sources of funding. For further details, see the backgrounder on 
the Bank Rate at <http://www.bankofcanada.ca/about/backgrounders/ 
bank-rate/>. For more information on the implementation of monetary 
policy in the LVTS environment, see the Bank’s primer at <http://www. 
bankofcanada.ca/wp-content/uploads/2010/07/Ivts_primer_2010.pdf>. 

10 The Bank of Canada Act (<http://www.bankofcanada.ca/wp-content/ 
uploads/2010/07/act_loi_boc_bdc.pdf>) requires the Bank to take col- 
lateral when making loans or providing advances. 


have a negative impact on the balance sheet of 
either the central bank or the government."* While 
the exact timing of the loss can be altered by short- 
term portfolio and debt management (e.g., central 
bank sterilization or public debt issuance), the loss 
must ultimately be absorbed by some form of costly 
taxation or asset sales and would therefore affect 
the financial health of the consolidated balance 
sheet of the government and the central bank and, 
accordingly, the economy.*? 


A significant loss on the central bank’s 
balance sheet could potentially affect 
its ability to achieve its monetary policy 
and financial stability objectives 


The central bank also requires collateral to support 
neutrality in the conduct of liquidity operations and 
to avoid having to differentiate the pricing of its 
lending in day-to-day operations based on the 
creditworthiness of the counterparties. Secured 
lending allows the central! bank to lend at a single 
interest rate to a set of heterogeneous counter- 
parties, which facilitates the communication and 
transmission of monetary policy.** 


What is a haircut? 


The amount of collateral required for a loan is deter- 
mined by the haircut applied by the lender. The 
haircut “trims” the market value of the collateral by a 
certain percentage to determine the maximum loan 
amount. For example, when the haircut is 1 per cent, 
the borrower needs to post collateral (e.g., treasury 
bills) with a value of $100 with the central bank in 
order to acquire a loan of $99. 


11 The central bank can finance the loss by permanently expanding the 
monetary base (i.e., a seigniorage tax), limiting the flexibility needed to 
achieve price and financial stability. Alternatively, by decreasing remit- 
tances of earnings (or through capital injections from the government), 
the loss can be transferred to the government. The government would 
have to finance the loss by raising taxes or by cutting spending, hence, 
tightening its budget and potentially lowering economic welfare. 

12 Johnson and Zelmer (2007) examine, in the context of central bank 
balance-sheet management under new accounting standards, how a 
negative capital position on the Bank’s balance sheet might pose risks 
to the credibility of monetary policy and raise doubts about its ability to 
act as lender of last resort. 

13 There are strict “membership criteria” for becoming a direct counter- 
party to the Bank of Canada, either as a direct LVTS participant or as a 
primary dealer. 





1 LIQUIDITY PROVISION AND COLLATERAL HAIRCUTS IN PAYMENTS SYSTEMS 


BANK OF CANADA REVIEW ® AUTUMN 2011 


Why use haircuts? 


In the event that a borrower defaults, a haircut mini- 
mizes the lender’s losses from the market and 
liquidity risks associated with the collateral pledged. 
A lender’s key concerns are what the secondary 
price of the collateral would be when the lender 
needs to sell the collateral to reclaim the funds 
loaned and how long it would take to liquidate it. 

A haircut is therefore determined based on the price 
volatility and liquidity of the pledged collateral asset. 
More-volatile or less-liquid assets usually receive a 
higher haircut to protect the lender from a price 
decline or liquidation costs. In the case of a default 
where the price of the collateral drops so low that the 
haircut provides insufficient coverage, the lender will 
suffer a loss. Thus, when determining the size of a 
haircut, there is a trade-off: a lower haircut can 

relax the borrower’s liquidity constraint, but it also 
increases the lender’s potential loss. 


A haircut also influences the behaviour of potential 
counterparties. A borrower facing a haircut is less 
inclined to default because the collateral posted with 
the lender is worth more than the loan amount it has 
received. Hence, the borrower is more likely to repay 
the loan and retrieve the collateral. 


Central Bank vs. Private Sector 
Haircuts 


The traditional risk-management approach used to 
determine haircuts is based on examining the histor- 
ical volatility of the value of the collateral and setting 
a haircut to limit the lender’s risk exposure, based on 
a given risk tolerance.'* This approach is appropriate 
for a private sector lender that has little market 
power and wants to maximize expected return and 
minimize exposure to counterparty default. 


The central bank’s unique ability to create and 
supply an unlimited amount of settlement assets to 
the payments system ensures that it is never con- 
strained in its provision of liquidity.‘ Nevertheless, 
any losses incurred will be shared by society and 
will likely generate costly economic distortions. 
The central bank must therefore balance access to 
liquidity with prudent risk management. 





14 See, for example, Garcia and Gengay (2006) and the related risk- 
management literature cited. 

15 Payments in the LVTS are settled via the account balances that partici- 
pants hold at the Bank. Since the Bank of Canada can supply virtually 
unlimited amounts of these deposits and guarantees settlement even in 
the event of multiple defaults on a single day, sufficient balances will be 
available for settlement purposes under all circumstances. 


The central bank also plays a prominent role in the 
overnight money market and other core funding 
markets. The study presented in the following sec- 
tion argues that the central bank’s haircut policy can 
therefore directly affect liquidity in these markets and 
indirectly influence market participants’ choice of 
asset portfolios, as well as the pricing of credit and 
liquidity spreads. The central bank is concerned not 
only about its own exposure to credit risk, but also 
about the efficiency and stability of the financial 
system. Consequently, in setting its haircut policy, 
the central bank must consider the impact of the 
policy on the financial system and its participants.*® 


The central bank is concerned not only 
about its own exposure to credit risk, 
but also about the efficiency and 
stability of the financial system 


A Model of Central Bank Haircuts 


In a recent study, Chapman, Chiu and Molico (2011) 
develop a stylized model of the Canadian large-value 
payments system to examine the various effects that 
changes to central bank collateral haircuts can have 
on the economy. 


The model economy 


In the model, financial institutions (Fls) send and 
receive payments through a payments system on 
behalf of their clients. Fls are uncertain of the exact 
amount and timing of these payments and must 
therefore efficiently manage their liquidity based on a 
forecast of their payment needs. At the beginning of 
each day, Fls try to forecast their liquidity needs and 
to optimize their asset portfolios accordingly by 
trading with each other in a financial market. In the 
model, an FI can hold only two possible assets in its 
portfolio: a liquid asset, which has a lower rate of 
return but is (or can be easily exchanged for) the 
means of settling payment obligations; and an illiquid 
asset, which has a higher expected rate of return but 
is not generally accepted in the settlement of pay- 
ment obligations, and has a more volatile price (is 


16 As discussed in Zorn and Garcia (2011), the collateral policy of central 
banks not only reflects the objective of protecting the central bank’s 
balance sheet from financial losses arising from a counterparty default, 
but also supports the central bank’s objectives for monetary policy 
and financial stability, including encouraging better risk-management 
practices by financial institutions. 
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riskier). This scenario highlights the trade-off 
between liquidity risk and asset return. When Fis 
foresee the need to send a high volume of payments, 
they will choose to hold a higher amount of the liquid 
asset than the illiquid asset to facilitate payment. If 
they expect to receive more payments than they 
send, they will choose to hold a lower amount of the 
liquid asset to earn a higher rate of return. Given the 
uncertain nature of the payment flows, however, and 
their realized payment needs, some banks may be 
holding too little of the liquid asset. 


If Fls are unable to fund a shortage of the liquid 
asset through the intraday money market, then the 
central bank lending facility comes into play. In the 
study, the authors focus on this specific case. In this 
situation, there is credit risk because central bank 
loans are subject to potential default by the bor- 
rowers. To limit its financial exposure, the central 
bank requires borrowers to pledge their asset hold- 
ings as collateral. In the model, since the only Fls 
that require central bank funding are those that need 
to send payments but hold illiquid assets, these are 
the assets pledged as collateral. Since the market 
price of these illiquid assets can fluctuate, the central 
bank applies a haircut to their value when deter- 
mining the amount of the loan. This protects its bal- 
ance sheet in case there is a default by the borrower 
that is accompanied by a decrease in the price of the 
pledged asset. If there is no default, the borrower 
repays the loan and retrieves its collateral. If there is 
a default, the collateral is surrendered to the central 
bank, which will sell it to recover its losses. 


The authors analyze the effects of central bank hair- 
cuts on several key aspects of the financial system: 
the amount of liquidity in the system, equilibrium 
asset prices, the exposure of the central bank’s 
balance sheet, the asset-portfolio decisions of finan- 
Cial institutions and their incentives to default. 


The following three channels interact and jointly 
determine the equilibrium effects of the haircut policy 
on the economy: 


(i) Payments-system liquidity 

Changes in the central bank’s haircut policy affect 
the borrowing constraint faced by payments-system 
participants that need funding. They directly alter the 
borrowing and payment decisions of the affected Fls 
and, ultimately, improve or restrict underlying con- 
sumption and production in the economy. By 
lowering the haircut, the central bank reduces the 
discount on collateral and relaxes the liquidity con- 
straint of Fls that are holding the illiquid asset but 


need liquidity. This facilitates payment flows and 
supports economic activity. 


(ii) Asset allocation 

Changes to the haircut on a specific asset will affect 
its relative liquidity with respect to other assets. In 
the model, a lower haircut on the illiquid asset allows 
its holder relatively easier access to liquidity if 
needed.*” This, in turn, affects the portfolio deci- 
sions of Fls when they forecast their liquidity needs 
and, ultimately, affects the prices and allocation of 
financial assets. A lower haircut will increase the 
attractiveness of the illiquid asset, which alters the 
relative prices of the liquid and illiquid assets and 
induces agents to accumulate more of the illiquid 
asset. This change in portfolio can be welfare 
reducing, if the initial holding of liquid and illiquid 
assets is optimal, or it can be welfare enhancing, if 
the initial portfolio is not socially optimal and agents 
are holding too much of the liquid asset. 


(iii) Central bank exposure 

For a given probability of default by the borrowers, 
lowering the haircut on a risky asset could increase 
the exposure of the central bank’s balance sheet to 
possible losses. In addition, a lower haircut could 
potentially increase the probability of default 
because it makes the decision to default less costly 
relative to repaying the loan. Haircuts set too low 
could therefore give Fls the incentive to default. This 
increased probability of default affects the central 
bank’s ability to control price stability because of a 
potential unintended expansion of its balance sheet. 
In the model, this translates into an expansion of the 
monetary base that can increase expected inflation, 
which is costly to society.*® 


Discussion and Conclusion 


While the model presented here is stylized, it high- 
lights the essential points that the central bank must 
consider when determining its haircut policy. First, it 
stresses the traditional trade-off between the provi- 
sion of liquidity and the credit, market and liquidity 
risks. When providing liquidity via collateralized 
loans, the central bank must consider the implica- 
tions of restricting the eligibility of assets, as well as 
the impact of its haircut policy on the exposure of its 


17 Since the model deals with only two assets, this change in relative 
liquidity is between these two assets. In the more realistic case, a 
change in the haircut on one asset will change its liquidity in relation to 
that of all other assets. 

18 Since the government's fiscal authority is not explicitly modelled, the 
loss is financed by an inflation tax. 
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balance sheet to credit risk. Second, the model 
highlights the potential of the central bank’s haircut 
policy to affect the allocations of asset portfolios, 
asset prices and borrowers’ incentives to default, 
which, as noted above, can have real welfare 
consequences.*? 


The model highlights the potential of 
the central bank’s haircut policy to 
affect the allocations of asset port- 
folios, asset prices and borrowers’ 

incentives to default 


In its day-to-day operations, under normal circum- 
stances, the central bank typically restricts the list of 
eligible assets accepted in payments systems to 
high-quality assets with relatively low credit and 
liquidity risk; it aims for “market-neutrality,” whereby 
its operations do not significantly influence relative 
asset prices.?° Under extraordinary circumstances, 
such as a liquidity-induced crisis, however, it may 
be reasonable for the central bank to temporarily 
broaden the collateral pool and accept less- 
marketable assets in its day-to-day operations, thus 
freeing more conventional liquid collateral for use in 
other operations." When the scarcity of liquidity 
threatens the well-functioning of the financial system 
(for example, during a period of financial stress), the 
benefits of providing additional central bank liquidity 
by reducing haircuts or expanding the list of eligible 
assets can outweigh the potential costs associated 
with the distortion of asset portfolios and the higher 
risk exposure of the central bank’s balance sheet. 

A similar view—that central banks should take the 
liquidity of the financial system into account when 
setting haircuts—is found in the report of the 


19 For adiscussion on the collateral-management practices of LVTS par- 
ticipants during relatively normal times, see D’Souza (2009). 
20 Chailloux, Gray and McCaughrin (2008) provide a comparison of col- 
lateral frameworks in different jurisdictions. They discuss the eligibility 
of assets as collateral and the implications of collateral policy for the 
market’s choice of asset portfolios and for the pricing of credit and 
liquidity spreads. 
During the recent financial crisis, the Bank of Canada expanded the 
list of assets that could be pledged as collateral in LVTS intraday 
operations and under the SLF, while strengthening its requirements for 
transparency and credit ratings. Direct participants in the LVTS were 
able to pledge their non-mortgage loan portfolio (NMLP) to cover the 
system’s collateral requirements, as well as those of the SLF and the 
Term Loan Facility. As of 1 April 2010, LVTS participants may use their 
NMLP for up to 20 per cent of their total collateral value. The Bank also 
conducted term purchase and resale agreements with primary dealers 
against an expanded set of eligible securities. 


2 


= 


Bank for International Settlements’ Committee on 
the Global Financial System (CGFS 2010) on the 
cyclical behaviour of private sector margins and 
haircuts. 


Policy-makers face the challenge 
of a growing demand for high- 
quality collateral 


Policy-makers also face the challenge of a growing 
demand for high-quality collateral. Modern financial 
systems tend to utilize more collateral because of the 
increased private use of collateral, and because of 
the need to post additional collateral with payment 
and settlement systems.?? The G-20 countries 
committed to have all standardized over-the-counter 
derivatives contracts cleared by central counter- 
parties (CCPs) by the end of 2012 to help strengthen 
the global financial system. Such an increase in 
CCP activity has the potential to increase the need 
for collateral.?* In addition, revisions to the core 
principles for financial market infrastructure, Cur- 
rently being considered by the Bank for International 
Settlements’ Committee on Payment and Settlement 
Systems and by the International Organization of 
Securities Commissions, will further increase the 
demand for collateral by financial market participants. 
The haircuts set by central banks are important 
parameters in determining the ability of financial 
systems to make the most efficient use of high- 
quality collateral. 


22 An example of the increased private use of collateral is the larger size 
of institutional cash pools, which demand collateral in their day-to-day 
money market investments (Pozsar 2011). 

23 If the settlement of over-the-counter financial transactions moves to 
CCPs, then the aggregate value of collateral needed may decrease 
because of efficiency gains in multilateral netting. But if this move de- 
creases the overall amount of netting, then the need for collateral could 
increase (Duffie and Zhu 2010). 
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Extracting Information from the 
Business Outlook Survey: 
A Principal-Component Approach 


Lise Pichette and Lori Rennison, Canadian Economic Analysis 


e Since 1997, the Business Outlook Survey (BOS) 
has provided the Bank of Canada with valuable 
and timely information for the conduct of mone- 
tary policy. 


e Recent work using principal-component analysis 
to extract information common to the BOS indica- 
tors is reviewed, as is testing of the out-of-sample 
forecasting performance of various models using 
this information. 


e Results suggest that summarizing the common 
movements among BOS indicators may pro- 
vide useful information for forecasting near-term 
growth in business investment. For growth in real 
gross domestic product, however, the survey’s 
balance of opinion on future sales growth appears 
to be more informative. 


regional offices have conducted quarterly 

consultations with businesses across Canada. 
These consultations, referred to as the Business 
Outlook Survey (BOS), are structured around a ques- 
tionnaire that covers topics of importance to the 
Bank, notably business activity, pressures on pro- 
duction capacity, prices and inflation, and credit 
conditions. The responses to these qualitative 
questions (e.g., whether sales volumes will increase 
at a greater, lesser or the same rate over the next 
12 months as over the past 12 months), together with 
the explanations that accompany them, allow senior 
economics staff at the Bank’s regional offices to 
provide a macro-level assessment of the economy 
using the various demand- and supply-side signals 
from the survey. This assessment supplements the 
more quantitative approaches used by the Bank to 
evaluate the economic situation and outlook by 
providing insights into what businesses are seeing 
and planning. 


S ince the autumn of 1997, the Bank of Canada’s 


A key advantage of the BOS is its timeliness. 
Consultations take place around the middle of each 
quarter, and the results are published the week 
before the Bank’s next fixed date for announcing 
monetary policy decisions. This is well ahead of the 
release of the National Income and Expenditure 
Accounts for that quarter. The high demand for 
timely information about the economy has led 

the survey results to become a well-monitored 


1 Fora detailed description of the survey, see Martin (2004) and Back- 
grounder on Questions in the Business Outlook Survey Concerning 
Past Sales and Credit Conditions (<http://www.bankofcanada.ca/wp- 
content/uploads/2011/07/bos_backgrounder_jan2008.pdf>). 

2 See Macklem (2002) and Jenkins and Longworth (2002) for a descrip- 
tion of how the BOS fits into the Bank’s monetary policy decision- 
making process. 
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Table 1: Business Outlook Survey indicators 


Survey question 


Balance of opinion? on past sales growth 


Horizon 


Type of signal 


Past 12 months Demand-side 





Balance of opinion on future sales growth 


Next 12 months Demand-side 





Balance of opinion on investment in machinery and equipment 


Next 12 months Demana-side 





Balance of opinion on employment 


Next 12 months Supply-side, indirect demand-side 





Ability to meet an unexpected increase in demand® 


Current Supply-side, cost structure 





Percentage of firms facing labour shortages 


Current Supply-side, cost structure 





Balance of opinion on input prices 


Next 12 months Supply-side, cost structure 





Balance of opinion on output prices 


Next 12 months Supply-side, margins 





Balance of opinion on credit conditions 





Financial markets, demand-side 


Past 3 months 


a. Percentage of firms responding “greater” or “higher” minus percentage of firms reporting “lesser” or “lower” 


b. Percentage of firms responding “some” or “significant” difficulty 


information source for the press and the financial 
community since their public release in 2004. 
Information published in the BOS helps to refine the 
Bank’s view on the economic outlook, and is often 
cited in the Bank of Canada’s Monetary Policy 
Report. 


Our understanding of the statistical precision of 
individual BOS indicators has been strengthened by 
the research of de Munnik, Dupuis and Illing (2009) 
and de Munnik (2010) (Box 1). An evaluation of the 
survey’s ability to predict economic variables, how- 
ever, has been limited by its relatively short sample 
period. The initial assessment of the information 
content of the BOS by Martin (2004) was based on 
graphical and correlation analysis of 24 observa- 
tions. Since then, the sample period has become 
long enough to include at least one full economic 
cycle with periods of expansion and slowdown, as 
well as a steep recession and a recovery, providing 
richer information for empirical analysis. 


This article summarizes recent work that contributes 
to our understanding of the survey’s information 
content by extending the early work by Martin (2004) 
in two key ways. First, since all BOS questions are 
designed to capture some aspect of economic 
activity and, therefore, are interrelated, principal- 
component analysis was used to extract the 
common underlying variations among the indicators. 
Second, the information content of these common 
movements was assessed, using regression analysis 
and a forecasting assessment. The first test of this 
measure’s usefulness was whether it can help pre- 
dict growth in real gross domestic product (GDP) 
and, if yes, whether it outperforms the survey ques- 
tion on future sales expectations—the question most 


closely tied to measuring GDP. The second test was 
whether the common movements of indicators 
provide clearer signals for any one component of 
economic activity. Given that the BOS is a survey of 
firms, business investment was a natural element to 
consider. 


Extracting Common Information 
from BOS Indicators 


For analytical and communication purposes, the 
responses to most BOS questions are expressed in 
terms of a balance of opinion or as a proportion of 
respondents (for questions on labour shortages and 
firms’ ability to meet demand). This practice has 
been useful for interpreting the survey results with 
respect to specific aspects of economic activity. 
Each quarter, staff in the Bank’s regional offices 
assess and amalgamate these signals from the 
survey regarding aggregate demand, aggregate 
supply and financial markets (Table 1), informed by 
the broader discussions that take place with firms 
during the interviews. 


To statistically evaluate the survey’s information 
content and its ability to predict real economic vari- 
ables, common movements from the various BOS 
indicators were extracted using a data-reduction 
technique—principal-component analysis (PCA). In 
addition to capturing a common source of variation, 
using this shared underlying component to represent 
the fuller BOS data set in a forecasting assessment 
is an appealing alternative to using individual indica- 
tors, since it conserves degrees of freedom and 
lessens concerns about issues of multicollinearity. 
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Box 1: Statistical Accuracy of the Business Outlook Survey 


Martin (2004) reports that the statistical properties 
of the Business Outlook Survey (BOS) are difficult 
to determine, given the small sample size of 

100 firms and the non-random, quota-sampling 
approach, which involves setting objectives for the 
number of firms selected by region, industry and 
size in order to be representative of the Canadian 
economy. De Munnik, Dupuis and Illing (2009) and 
de Munnik (2010) have made significant progress 
in dealing with this issue. 


Using a Monte Carlo simulation framework, de 
Munnik, Dupuis and Illing (2009) construct an 
artificial data set of firms and their responses and 
estimate the impact of the Bank’s non-random 
sampling on the accuracy and coverage of the 
survey.’ More specifically, they develop a method 
for modelling a complex, non-random sampling 
process and for computing relevant measures of 
the confidence intervals. This allows them to 
replicate the survey’s firm-selection process. 
Table 1-A shows how each quota or constraint 
affects the estimate of the population parameter 
compared with the simple case of random sam- 
pling. When investigated individually, only the 
quotas for industry and firm size are found to 
widen the confidence intervals (rows 3 and 4). 
Results for the fully constrained model (row 8), 
however, show no evidence that the Bank’s firm- 
selection process produces significantly biased 
estimates and/or wider confidence intervals than 
random selection. In other words, although the 
quota constraints result in biases on the param- 
eter estimates when controlled individually, these 
biases are small and appear to be largely offset 
when the model is calibrated using average histor- 
ical responses. With respect to survey coverage, 
the authors find that the BOS method of firm 
selection restricts the survey sample but does not 
create bias in the estimate. 


1 DeMunnik, Dupuis and Illing (2009) do not analyze the coverage 
of the survey, but a revised version of the paper that includes this 
analysis is available upon request. 


De Munnik (2010) extends this analysis by out- 
lining the statistical properties of questions 
expressed as population proportion versus bal- 
ance of opinion, and demonstrates how the design 
of the question affects the calculation of the confi- 
dence intervals. He also shows that the confi- 
dence bands around both types of question can 
change from survey to survey when the underlying 
distribution of responses becomes more or less 
concentrated in particular categories (Such as 
“higher,” “the same” or “lower”). In particular, he 
illustrates that the confidence intervals around 
balance-of-opinion questions are larger when 
there is more dispersion in the responses. 


These studies have improved understanding of the 
survey’s statistical accuracy and, together with the 
qualitative stories that accompany the responses, 
allow staff at the Bank’s regional offices to better 
interpret and describe survey results from quarter 
to quarter. 


Table 1-A: Comparison of simulation results 


Selection model 


. Random sample 


Confidence 
interval 
95% (66%) 


16.6 (8.2) 


Bias vs. 
“pseudo- 
population” 





. Regional quota 





. Industry quota 





. Firm-size quota 





. Rotation constraint 





. Familiarity constraint 





. Non-response 
constraint 





. Fully constrained 
model 
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Box 2: Technical Details of Principal-Component Analysis 


The first principal component is obtained by maxi- _ The first-order condition is 


mizing its contribution to the variance of a set of p 


variables (x). It is expressed as follows: 


! ox — 
Oly X= Hy Xy HK y2 XQ For + Ky Xy = 


Pp 


where X has a covariance matrix 2. To derive this 
first principal component, the vector @, maxi- 
mizes var(a,x) = ajZa, subject to aja, = 1. 
Using the technique of Lagrange multipliers: 


max, 42a, — A(aja, — 1), 


Chamberlin (2007) makes similar use of PCA on 
survey measures of economic activity in the United 
Kingdom to develop an alternative forecast of GDP. 


As explained by Jolliffe (2002, 1), “The central idea of 
principal component analysis is to reduce the dimen- 
sionality of a data set consisting of a large number of 
interrelated variables, while retaining as much as 
possible of the variation present in the data set.” This 
method generates a new set of variables—principal 
components—that are linear combinations of the 
original variables. Principal components are artificial 
variables that account for most of the variance in the 
observed variables contained in the data set, and 
they are all orthogonal to each other. (See Box 2 for 
a brief technical description of PCA.) 


By definition, the number of principal components 
that can be found is the same as the number of 
variables considered, but, in general, most of the 
variance in the data set will be accounted for by 
fewer principal components. For this analysis, only 
the first principal component (PC1) was retained. 
This underlying variable was extracted from the nine 
published BOS indicators that pertain to firms’ views 
on their own business situation or plans (Table 1).° 


3 This analysis excluded the question relating to firms’ expectations 
regarding consumer price index inflation over the next two years. 


(2 —Al,)a, = 0, 


where I, is the (p X p) identity matrix, A is an 
eigenvalue of 2, and @, is the corresponding 
eigenvector. To maximize var(a,x), the vector of 
coefficients in the first principal component, @1, 
is the eigenvector associated to the largest 
eigenvalue: 


var(@,x) = a, Lay = ajAay = Aaq,a, =A. 


The kth principal component is derived by maxi- 
mizing var(a;,x) subject to a,a, = 1 and 
cov(a;,x, a;x) = 0 forall k #l. 





While data for most indicators are available from 
1998Q3, the questions on credit conditions and on 
the ability of firms to meet an unexpected increase in 
demand were added more recently. Extracting infor- 
mation from all nine indicators therefore required the 
length of the sample be limited to 2001Q4 to 
2OIMO2 eas 


Correlation with Economic Data 


Results from the correlation analysis of PC1 and real 
economic variables are shown in Table 2. For each 
economic variable, PC1 is compared with the survey 
indicator that most closely corresponds to the same 
economic concept. 


Panel A presents the peak correlations with real GDP 
growth. The correlation results are moderate to mod- 
erately strong for both PC1 and the most relevant 


4 The question on the ability to meet demand was added in 1999Q3 and 
that on credit conditions in 2000Q3. The question on credit was modi- 
fied in 2001Q4 to reduce its horizon from the past 12 months to the past 
3 months. 

5 While the information content analyzed used the sample spanning 
200104 to 2011Q2, the sample was also extended back to 2000Q3, 
using the first formulation of the credit-conditions question. Since 
results were very similar, this extended sample is used for the charts 
to illustrate the behaviour of the underlying variable through the 2001 
slowdown. 
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Table 2: Peak correlations 
Sample: 2001Q4 to 2011Q2 


BOS indicators 


Quarter-over-quarter 


Year-over-year 


Panel A: Real GDP growth 
































PC1 0.54 (t - 1) 0.56 (t) 0.50 (t + 1) | 0.63 (t) 0.73 (t + 1) 0.63 (t + 2) 
Balance of opinion on future sales 0.49 (t) Ee (t + 1) 0.54 (t + 2) 0.61 (t + 2) 0.68 (t + 3) : 0.55 (t + 4) 
Panel B: Real consumption growth 
PC1 0.51(t-2) | 0.45(t-1) 0.31 (f) | 0.63 (t) 0.64 (t + 1) 0.47 (t +2) 
Balance of opinion on future sales 0.11 (t - 1) | 0.32 (t) 0.27 (t + 1) 0.23 (t + 1) 0.33 (t + 2) 0.31 (t + 3) 
Panel C: Real business-investment growth 
PC1 0.61 (t - 1) 0.83 (t) | 0.73 (t + 1) 0.79 (t + 1) 0.79 (t + 2) | 0.63 (t + 3) 
Re cee 0.59 (t) 0.67 (t +1) 0.57 (t + 2) 0.55 (t) 0.70 (t + 1) 0.65 (t + 3) 


indicator—the balance of opinion on future sales 
growth.® While the question on future sales asks 
firms to characterize the expected change in sales 
growth over the next 12 months (i.e., momentum as 
opposed to growth), it is reasonable to expect that 
firms’ predictions about future momentum could also 
contain information about current or near-term 
growth. The strongest correlation between PC1 and 
quarterly GDP growth is reached contemporan- 
eously (in quarter ft), while, for the balance of opinion 
on future sales growth, the highest correlation coeffi- 
cient is obtained one quarter ahead (t + 1). Given the 
12-month horizon of many BOS questions, it is also 
worth noting that the correlation for the question on 
sales outlook with the year-over-year growth of real 
GDP reaches a peak three quarters ahead, while it is 
only one quarter ahead for PC1. Chart 1 plots the 
balance of opinion on future sales and PC1, together 
with real GDP growth. It shows that both the indi- 
vidual question and the common factor seem to 
track developments in aggregate economic activity 
relatively well. 


Panels B and C of Table 2 report the correlation 
results for specific components of the GDP: con- 
sumption and business investment. The results for 
quarterly growth in real consumption are weak or 
moderate, while those for growth in real business 
investment are moderately strong to strong. The 
weak correlation with consumption may be partly 
explained by the survey sample, which comprises 


6 Thescale used to evaluate the correlation coefficients is that used in 
Martin (2004): strong, > 0.80; moderately strong, 0.60 to 0.80; moderate, 
0.40 to 0.60; weak, 0.20 to 0.40; insignificant, < 0.20. 








the business sector rather than the consumer sector, 
and even within the business sector, not only firms 
selling to consumers, but also firms selling to other 
businesses or exporting. The underlying variable, 
PC1, has a higher correlation with business invest- 
ment than the survey question on the expected dir- 
ection of change in investment in machinery and 
equipment over the next 12 months. This suggests 
that extracting the common movements from all the 
survey questions might lead to a better indicator for 
quarterly growth in business investment than this 
single question on investment intentions. 


The strong correlation between PC1 
and business investment is interesting, 
since very few indicators of investment 

are available 


Chart 2 shows that PC1 closely tracks fluctuations 
in business investment over the sample period. The 
strong correlation between this underlying variable 
derived from the BOS results and business invest- 
ment is interesting, since very few indicators of 
investment are available ahead of official statistical 
data. Moreover, the correlation coefficient continues 
to be moderately strong one quarter ahead, sug- 
gesting that the BOS also contains forward-looking 
information regarding business investment. 
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Chart 1: Aggregate economic activity and BOS 
indicators 





CHOBDKNONA 
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2000Q3 2002Q3 2004Q3 2006Q3 2008Q3 201003 


M8 Balance of opinion 
on future sales 
(left scale) 


—— PC1 (right scale) 

—— Real GDP (quarter-over-quarter) 
(right scale) 

== Real GDP (year-over-year) (right scale) 


a. PC1 is measured in standardized units. 
b. Real GDP is measured as a percentage. 
Sources: Statistics Canada, Bank of Canada and authors’ calculations 
Last observation: 2011Q3 


Chart 2: Business investment and the underlying 
BOS variable 
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-—— Real business investment 
(quarter-over-quarter) (left scale) 

~~ Real business investment 
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—— PC1 (right scale) 


Sources: Statistics Canada and authors’ calculations 
Last observation: 2011Q3 


Forecasting Assessment 


Regression analysis and a forecasting exercise were 
carried out to evaluate (i) whether the underlying 
variable extracted from the BOS indicators using 
PCA can provide information beyond that contained 
in the past values of the economic variables, and 

(ii) whether it provides more information than is con- 
tained in the answers to the individual survey ques- 
tions on future sales growth and investment intentions. 


Various simple models were examined and com- 
pared based on the root mean square errors (RMSE) 
computed using a series of one-step-ahead fore- 
casts for each equation.’ Specifically, each equation 
is estimated for a sample spanning the period 
2001Q4 to 2006Q1, and a forecast is produced for 
2006Q2.8 One observation is then added to the 
estimation period for the next-quarter forecast, and 
this is repeated up to 2011Q2. The ratio of the RMSE 
for each equation, relative to a benchmark case that 
includes only the lags of the dependent variable, is 
reported. For example, an RMSE ratio below one 
implies that the inclusion of the common component 
obtained from BOS results improves the forecast 
derived from an equation that takes into account 
only the latest information on the variable of interest. 


Table 3 summarizes the estimation results for quar- 
terly real GDP growth. The first five rows report 
results for three different specifications (equations 1 
to 3) estimated on the full sample (2001Q4 to 
2011Q2). The coefficient on PC1 (equation 2) is sig- 
nificant, and the adjusted R2 increases compared 
with equation 1, which includes only lagged GDP. 
PC1 is incorporated only at time t in this equation, 
because lags were not statistically significant. 
Nonetheless, since data from the BOS are available 
almost two months before the release of the national 
accounts, the results can be useful for forecasting. 
The results for equation 3, however, indicate that the 
balance of opinion on future sales growth remains a 
better indicator than the underlying variable, with the 
adjusted R2 increasing to 0.56. The balance of 
opinion on future sales is significant only contempor- 
aneously despite correlation results that suggested 
that expectations of future sales contained more 
forward-looking information. 


The last row of Table 3 reports the results of the 
out-of-sample forecast exercise. The RMSE ratios 
for both equations 2 and 3 are below one, indicating 
that the inclusion of information from the BOS 
improves the forecast from that of equation 1. 
However, the improvement is only marginal for PC1, 
and the difference between equations 2 and 3 is 
found to be significant, according to the Diebold- 
Mariano test. Thus, the underlying variable extracted 
from the set of BOS responses does not outperform 
the balance of opinion on future sales in forecasting 
real economic activity. 


7 The prediction is for the current quarter before the release of 
the national accounts. 

8 The data used in this exercise were the latest available, published 
on 31 August 2011. 
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Table 3: Estimation results for real GDP growth 
(quarter-over-quarter) 
Sample: 2001Q4 to 2011Q2 

































Variables : : ‘ 
ned Equation 1 Equation 2 Equation 3 
C tant 
onstan (0.75) 
GDP growth 0.58 
Al} (5.45) 
PC1 (t) 
Balance of 0.07 
opinion on : 
future sales (ft) (4.34) 
Adjusted R? 0.56 
RMSE ratio 








a. t-statistics are in parentheses. 


Table 4: Estimation results for growth in real 
business investment (quarter-over-quarter) 
Sample: 200104 to 2011Q2 














Variables 


lided Equation 1 | Equation 2 | Equation 3 | Equation 4 








aie 1.76 2.97 4.20 -2.36 
(1.05): (2.51) (3.71) (1.22) 
SS aa 0.66 0.26 0.40 
hea (5.22) (2.41) (2.93) 
4.16 3.72 
oe) 6.31) (4.57) 





1.82 


PC1 (t- 1) (2.55) 











Balance of 
opinion on 
investment 
in machinery 
and equip- 
ment (f) 


Adjusted R? 
RMSE ratio 


0.39 
(3.32) 












0.71 0.71 0.54 




















a. t-statistics are in parentheses. 


Table 4 reports the estimation results for growth in 
real business investment, using the same approach. 
In this case, the values of the adjusted R? and the 
RMSE ratio are quite impressive when the underlying 
variable extracted from the BOS results is included 
as an explanatory variable. Based on the estimates 
from equation 3, PC1 alone, without the lagged 
growth of business investment, produces results 
very similar to those of equation 2. While the survey 
question on investment intentions for machinery and 
equipment is found to have explanatory power 


(equation 4), results for equations 2 and 3 indicate 
that PC1 outperforms the survey question.? From 
these results, it appears that a measure of the under- 
lying information from all BOS indicators provides 
more useful signals for monitoring the growth of 
near-term investment than the question regarding 
investment intentions for machinery and equipment 
over the next 12 months in isolation. 


Robustness 


Results for PCA, presented in the previous section, 
are relatively robust to weights. Indeed, alternative 
approaches to extracting common movements, 
including a simple average of the nine indicators and 
factor analysis, generated series that were highly 
correlated with PC1.'° Moreover, real-time estimates 
of the first principal component were examined, 
since weights may fluctuate when the sample is 
changing. Sensitivity analysis suggests that, 
although the weights vary, the underlying variable 
extracted using PCA remains virtually the same.** 


Discussion and Conclusions 


The research reviewed here used principal- 
component analysis to evaluate the information 
content of the BOS. It also assessed the information 
content of the first principal component relative to 
that of individual survey questions in an out-of- 
sample forecasting exercise. This is the first empir- 
ical assessment of the BOS information content 
since the initial correlation analysis by Martin (2004), 
and it has provided several notable contributions. 


First, the results suggest that the first principal com- 
ponent appears to be a useful indicator of economic 
activity, particularly for providing information on 
investment spending—a variable that is typically 
difficult to predict and for which there are very few 
indicators. This may not be surprising, since the BOS 
is a survey of firms, and all its questions provide 
some signals relating to the probability of investing. 
For instance, if the outlook of firms regarding sales, 
employment and investment improves, if more firms 
are operating at or above their production capacity, 
and if more firms report an easing in credit condi- 
tions, then it is reasonable to expect higher 


9 The results from both equations 2 and 3 are statistically different from 
those of equation 4 at the 5 per cent significance level, according to the 
Diebold-Mariano test. 

10 Correlation coefficients were greater than 0.98. (This is true for the 
series expressed both in levels or first differences.) 

11 Results of this sensitivity analysis are available from the authors upon 
request. 
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investment activity. The outlook for prices can also 
play a role in firms’ near-term investment spending; 
for example, if firms are expecting higher input costs 
and are therefore spending to become more effi- 
cient, or if higher prices are stimulating activity in 
particular sectors where investment projects 
become profitable (as was the case with the boom in 
commodity prices in the 2000s). 


Second, this analysis found that the individual survey 
questions on future sales growth and intentions for 
investment in machinery and equipment provide 
useful information in a forecasting context for real 
GDP growth and the growth of business investment, 
respectively. The inclusion of these variables in their 
respective regressions improved upon a simple auto- 
regressive model. In the case of business investment, 
however, the single question was found to be less 
informative than the measure of common movements. 


This work contributes to our understanding of the 
survey’s information content, but the reliability and 
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robustness of the results will need to be evaluated 
over time as the sample period grows. Moreover, 
promising statistical assessments do not preclude 
careful examination of the movements in each BOS 
indicator every quarter, or the qualitative assessment 
of the messages that accompany firms’ responses, 
both of which make a valuable contribution to mon- 
etary policy. Whether in terms of common move- 
ments or individual indicators, information gathered 
from business surveys is often best used with 
informed judgment rather than according to mechan- 
ical rules. The information obtained from individual 
survey indicators and from the qualitative assess- 
ment carried out by the Bank’s regional offices 
remain important elements in BOS analysis. As 
emphasized in Martin (2004, 10), “The BOS interview 
format allows for a broader understanding of current 
business perceptions through confidential discus- 
sions with business representatives, which provide 
invaluable information that cannot be measured 
quantitatively.” 


Jenkins, P. and D. Longworth. 2002. “Monetary 
Policy and Uncertainty.” Bank of Canada Review 
(Summer): 3-10. 


Jolliffe, |. 2002. Principal Component Analysis. 
2nd ed. New York: Springer. 


Macklem, T. 2002. “Information and Analysis for 
Monetary Policy: Coming to a Decision.” 
Bank of Canada Review (Summer): 11-18. 


Martin, M. 2004. “The Bank of Canada’s Business 
Outlook Survey.” Bank of Canada Review 
(Spring): 3-18. 





28 EXTRACTING INFORMATION FROM THE BUSINESS OUTLOOK SURVEY: A PRINCIPAL-COMPONENT APPROACH 


BANK OF CANADA REVIEW ® AUTUMN 2011 


Modelling the Counterfeiting of Bank 
Notes: A Literature Review 


Ben Fung and Enchuan Shao, Currency Department 





low is critical to maintaining the public’s confi- $100 and $50 notes to the public. The Bank’s new 
dence in bank notes as a means of payment. series of polymer bank notes, which incorporates 
innovative security features that are not only easy to 
verify but also difficult to counterfeit, marks a signifi- 
cant advance in counterfeiting deterrence. 


e Ensuring that the threat of counterfeiting remains n June 2011, the Bank of Canada unveiled its new 


e Inthe past 50 years, Canada has experienced 
two major episodes of counterfeiting at levels 
that threatened public confidence. The Bank of 


Canada has since developed a comprehensive Issuing new, more-secure bank notes is one of four 
anti-counterfeiting strategy that has brought components in the Bank’s comprehensive anti- 
counterfeiting under control and that supports counterfeiting strategy, which was developed during 
public confidence by staying ahead of counter- the most recent episode of high levels of counterfeit- 
feiters. ing.* At the episode’s peak in 2004, the number of 


counterfeit notes detected per million notes in circula- 
tion reached 470, which was the highest among indus- 
trialized countries. The high levels of counterfeiting 
threatened to undermine Canadians’ confidence in 


e Research that models the behaviour of relevant 
parties —the counterfeiters, the merchants and the 
central bank—helps to improve our understand- 


ing of their respective decisions: whether or not to using bank notes. The anti-counterfeiting strategy 
produce counterfeit notes, whether or not to verify developed by the Bank and its partners has been very 
and accept bank notes offered, and what level of effective. By 2010, detected counterfeits had dropped 
security to apply to bank notes. This research also to 35 parts per million. Recent survey results suggest 
sheds light on the importance of policies against that bank notes continue to be an important means of 
counterfeiting. payment in Canada, and thus it is important for the 


Bank to continue to ensure that Canadians can use 
bank notes with the highest confidence.? 


This article aims to contribute to our understanding 
of counterfeiting and its policy implications by 
reviewing the literature on the subject. We begin by 
discussing the general characteristics of counter- 
feiting. We then briefly review several models of 
counterfeiting and study their implications for the 
incentive to counterfeit, social welfare and anti- 
counterfeiting policies. This research is still at an 
early stage, and more work is necessary before 
these models can be used to explain many of the 
observed characteristics of counterfeiting. 


1. Fora description of the Bank’s four-part anti-counterfeiting strategy, 
see Bank of Canada (2011, 16). 

2 According to a 2009 survey of Canadian consumers, nearly half of all 
transactions are conducted with bank notes, accounting for 20 per cent 
of the total value of transactions (Arango, Hogg and Lee, forthcoming). 
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Stylized Facts About 
Counterfeiting 


Analysis of the available data on counterfeiting in 
Canada and other countries can provide a general 
understanding of the problem, as well as facilitate 
our discussion of recent research. Counterfeiting is 
usually measured in terms of the number of counter- 
feit notes detected in circulation in one year, typically 
in comparison to the total number of genuine notes 
in circulation, or parts per million (PPM).* 


Counterfeiting tends to be episodic 


Since 1960, Canada has experienced two major 
episodes of increased counterfeiting (Chart 1).* 
During the first episode, from 1960 to around 1975, 
counterfeiters targeted mainly $5, $10 and $20 
notes. Toward the end of this episode, however, the 
counterfeiting of $50 and $100 notes began to rise, 
even as counterfeiting in general was trending down. 
From 1976 to 1991, counterfeiting remained 
subdued. 


The second major episode of counterfeiting activity 
began in 1992, with counterfeiters initially targeting 
$20 notes. Around 1996, the number of bogus 


Chart 1: Counterfeit Canadian bank notes passed 
for every one million genuine notes in circulation, 
1960-2010 


PPM 
500 
450 
400 
350 
300 


1960 1970 1980 1990 2000 2010 


Mme $5 Ms $20 
Ml $10 Ma $50 


Ms $100 


Sources: Bank of Canada and the Royal Canadian Mounted Police 


3 A preferred measure would be the outstanding stock of counterfeit 
notes in circulation, which would better reflect the extent of the counter- 
feiting problem. Unfortunately, such a measure cannot be observed 
directly. Chant (2004) discusses various methods of estimating the 
stock of counterfeits in circulation. 

4 Chart 1 also depicts the number of counterfeit notes detected for each 
denomination as a ratio of the total number of genuine notes in circula- 
tion. For a discussion of the counterfeiting of various series of Canadian 
bank notes, see Moxley, Meubus and Brown (2007). 


$10 notes began to rise rapidly, and this was soon 
followed by an increased number of counterfeit 
$100 notes. The counterfeiting of $10 notes increased 
substantially following the issue of a new series of 
$10 notes in 2001 whose security features were not 
sufficient to deter counterfeiters. Also in 2001, a new 
and highly deceptive $100 counterfeit note began to 
be passed in considerable numbers, and the resulting 
publicity heightened the public’s concern about 
counterfeiting.* Since the peak of the counterfeiting 
problem in 2004, the Bank’s anti-counterfeiting 
strategy has been successful. In particular, the 
security features of the new series of bank notes 
issued between 2004 and 2006 were considerably 
improved, and the less-secure notes previously 
issued were aggressively withdrawn from circulation. 
By 2010, the number of counterfeit notes detected 
annually had dropped well below the Bank’s current 
medium-term target of 50 PPM, suggesting that the 
most recent counterfeiting episode may have ended. 


By 2010, the number of counterfeit 
notes detected annually had dropped 
well below the Bank’s current 
medium-term target 


Given the episodic nature of counterfeiting, it would be 
important to understand what factors lead to a sharp 
rise in counterfeiting, and what anti-counterfeiting 
policies are effective in preventing and reducing it. 


Counterfeiting tends to vary across 
countries 


In recent years, counterfeiting has been a problem in 
Canada, the United Kingdom, Mexico and the euro 
area, while remaining at low levels in Switzerland, 
Australia and South Korea (Chart 2).° Indeed, in 
some countries, such as Australia, counterfeiting 
has been almost negligible for the past 20 years. 
The differences may lie with the security features 

of the current bank notes, the deterrence efforts 

of law-enforcement authorities, the extent of 


5 The number of counterfeit $20 notes detected during the second 
episode was also relatively high. Since the early 1970s, the $20 note has 
become the most popular denomination in circulation, and demand rose 
sharply in the mid-1990s because it is the main denomination dispensed 
by automatic teller machines. It now accounts for over 40 per cent of all 
notes in circulation. 

6 Many countries, including the United States, do not publish their 
counterfeiting data in a form that facilitates comparisons across 
countries. 
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Chart 2: Counterfeit bank notes passed for every one 
million genuine notes in circulation in selected countries 


PPM 
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400 


Canada United Mexico Euro Switzerland Australia South 
Kingdom area Korea 


MS 2004 
Hd 2005 


Ml 2006 38 2008 
He 2007 =~ 2009 


Hs 2010 


Source: Authors’ calculations based on information available on websites 
of central banks and law-enforcement agencies 


criminals’ access to counterfeiting technology or the 
publicity that successful counterfeiters receive. 
Understanding why some countries have experi- 
enced a more serious counterfeiting problem than 
others and what factors explain this difference 
across countries could be instructive. 


Counterfeiting tends to change with 
technology 


Advances in security technology allow the central 
bank to produce more-secure notes, but other 
technological innovations can enable counterfeiters 
to produce higher-quality counterfeits at a relatively 
low cost. Prior to the 1980s, the production of 
counterfeits required engraved plates and offset 
presses that necessitated expensive, large-scale 
operations. Counterfeiting was therefore usually part 
of organized criminal activity, and large numbers of 
counterfeit notes were produced at a time. Police 
often seized large quantities of uncirculated counter- 
feits. The availability of colour copiers, and later of 
personal computers with scanners and ink-jet and 
laser printers, heightened the potential threat. Over 
99 per cent of counterfeits detected in Canada are 
now produced by colour printers and copiers 

(Chart 3). Moreover, the share of uncirculated 
counterfeits seized by law-enforcement authorities 
relative to counterfeits passed into circulation 

has been low. It would therefore be interesting to 
study how technology affects the behaviour of 
counterfeiters and merchants, as well as the security 
design of bank notes. 


Chart 3: Share of counterfeits by printing method 


1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 


MS Ink-jet M4 Laser M8 Other 


Source: Royal Canadian Mounted Police 


Models of Counterfeiting 


There has been almost no empirical work on 
counterfeiting because of the limited availability of 
counterfeiting data and related statistics. We there- 
fore focus our discussion on theoretical studies that 
model the behaviour of the relevant economic 
agents. To date, there have been only a small number 
of these studies. They can be grouped into two cat- 
egories—partial-equilibrium and general-equilibrium 
models—depending on how money is introduced.’ 


Partial-equilibrium models 


Models in the first category do not explicitly specify 
the demand for money. It is assumed to be exogenous 
and does not depend on the actions of agents in the 
model. These models are therefore referred to as 
partial-equilibrium models. They are used to study the 
interactions of counterfeiters, merchants and the 
central bank, and often derive implications that can be 
compared with actual counterfeiting data. We review 
two studies that use this approach. 


Lengwiler (1997) models the strategic interaction 
between a central bank and counterfeiters. He finds 
that it is optimal for a central bank to choose a design 
with a high level of security for high-denomination 
notes because the expected cost of producing a 
secure note is relatively small compared with the 
expected losses to those accepting counterfeits. 

If genuine notes are very costly to counterfeit, then 
forgeries are not profitable. In contrast, the expected 


7 Theterm “money” usually refers to the medium of exchange used to 
facilitate transactions between individual parties. In this article, money 
refers to bank notes issued by the monetary authority. 
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losses to consumers from counterfeits of low- 
denomination notes are small compared with the 
cost of producing secure notes. The central bank 
therefore produces less-secure low-denomination 
notes, and counterfeiters respond by forging a large 
number of these notes. The study implies that 
central banks tend to issue more-secure high- 
denomination notes, and thus counterfeiting rates 
are higher for low-denomination notes. 


The denominations that are most 
counterfeited tend to change over time 


Empirical support for Lengwiler’s main findings is 
mixed. In the United States, it is true that the security 
features of $1 bills have been changed only slightly 
in the past few decades. Contrary to Lengwiler’s 
assertion, however, their very low face value also 
makes them unattractive to counterfeiters. In Canada, 
some previous series of bank notes did have better 
security features on the high-denomination notes, 
consistent with Lengwiler’s argument. However, in 
the Canadian Journey series issued from 2004 to 
2006, all denominations carry the same security 
features. Moreover, the denominations that are most 
counterfeited also tend to change over time. For 
example, $10 notes were the most counterfeited in 
the early 2000s, when they were less secure than 
others, which supports Lengwiler’s findings. Since 
2008, however, the counterfeiting of $100 notes has 
been higher than that of other denominations, which 
contradicts the argument that low-denomination 
notes are more often counterfeited. 


Quercioli and Smith (2009) investigate the strategic 
interaction between merchants and counterfeiters in 
an environment where counterfeiters select the 
quality of counterfeit notes to produce and mer- 
chants verify the notes offered to avoid counterfeits. 
The security level of notes is given, since the central 
bank is not explicitly modelled. High-quality counter- 
feits are less likely to be detected but are more 
costly to produce. Counterfeiters also face expected 
costs of legal punishment. Verification by merchants 
is imperfect and costly, and a greater effort by mer- 
chants results in better detection. 


Quercioli and Smith find that the behaviour of mer- 
chants and counterfeiters varies with note denomin- 
ation. They derive three main implications from their 
model. First, there is no counterfeiting of low- 
denomination notes, since the expected gain is not 
large enough to cover the expected costs. 
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Counterfeiting occurs only in the case of high- 
denomination notes. Second, merchants choose to 
exert more effort when verifying high-denomination 
notes because the losses from accepting counter- 
feits are larger. At the same time, counterfeiters 
also produce higher-quality counterfeits for high- 
denomination notes, since the marginal gain to 
quality is higher. While both verification effort and 
counterfeit quality increase as the denomination of 
the notes rises, the authors find that the rise in 
counterfeit quality can dominate the increase in the 
verification effort under certain conditions. In other 
words, the ratio of passed counterfeit notes to all 
counterfeit notes (seized and passed) rises with the 
denomination. Third, the authors find that the 
counterfeiting rate, measured as the fraction of 
counterfeit notes to the total notes in circulation, 
displays a hump-shaped distribution across 
denominations, which is consistent with available 
counterfeiting data. 


If people think that only high- 
denomination notes are counterfeited, 
they may avoid them and use more 
low-denomination notes 


While the above analyses derive interesting and 
useful implications regarding counterfeiting, some of 
which are consistent with the stylized facts, both 
studies assume that the demand for money is fixed 
and thus will not influence the decision to counterfeit. 
However, if people think that only high-denomination 
notes are counterfeited, they may avoid them and use 
more low-denomination notes. In this case, counter- 
feiters may prefer to produce low-denomination 
counterfeits because they are more easily passed. 
Indeed, when a large number of $100 counterfeit 
notes were detected in Canada in 2001, up to one 

in ten retailers in some regions displayed signs 
informing customers that they would no longer 
accept $100 notes. Counterfeiters likely found it 
more difficult to pass $100 counterfeits and thus 
might have had less incentive to produce them. This 
suggests the need for a more complete modelling 
approach, which we discuss in the next section. 


General-equilibrium models 


Models in the second category are referred to as 
general-equilibrium models because the model 
environment that generates money as the medium 
of exchange is explicitly specified, and the demand 


for money depends on the interactions of agents in 
the model. 


The relatively few general-equilibrium models of 
counterfeiting share certain common features. There 
are two types of money: (i) genuine money, which is 
supplied by the monetary authority and lasts forever; 
and (ii) counterfeit money produced privately, which 
may last for one or more time periods. In each period, 
buyers and sellers have a chance to meet and trade. If 
buyers do not have genuine money, they can produce 
counterfeit money at a cost. Sellers will accept 
genuine money, but they may or may not accept 
counterfeit money. If sellers refuse to trade with 
buyers that use counterfeit money, they will have to 
wait until the next period to meet another buyer. 


Once counterfeiting has been 
established as an equilibrium outcome, 
the model can be used to study [its] 
effects and the effectiveness of policies 


An important first step in modelling counterfeiting in 
a general-equilibrium framework is to examine 
whether both genuine and counterfeit money will be 
accepted in equilibrium, given the economic environ- 
ment of the model. In this case, some buyers use 
genuine money while others decide to produce 
counterfeit money. Sellers accept money as pay- 
ment, even though there is a possibility of receiving 
counterfeits. Once counterfeiting has been estab- 
lished as an equilibrium outcome, the model can be 
used to study the effects of counterfeiting on social 
welfare and to assess the effectiveness of policies in 
reducing counterfeiting. 


In earlier models by Kultti (1996), Green and Weber 
(1996), Williamson (2002), Monnet (2005), and 
Cavalcanti and Nosal (2007), counterfeiting is defined 
as the private provision of money. Counterfeit money 
can last for more than one period and so will have 
value if people are willing to accept it as a medium of 
exchange. Sellers may knowingly accept counterfeit 
money in a bilateral trade when there is a shortage of 
genuine money.® This is because they may have to 


8 Earlier models of money tended to assume that money is indivisible in 
the sense that an agent can carry only one unit of money in each period, 
and thus there could be a shortage of money. Wallace and Zhou (1997) 
constructed a model to explain the currency shortages that were com- 
mon in many parts of the world until the mid-nineteenth century. While 
a shortage of money is unlikely in modern economies, the development 
of private digital money, such as Facebook credits and Bitcoins, could 
reflect a shortage of “money” in other areas of trade, particularly online 
commerce, in which bank notes are not accepted. 


wait a long time before they meet a buyer with 
genuine money, and they expect other sellers to 
accept counterfeit money in such a situation. 


Monnet (2005) argues that central banks should aim 
to reduce counterfeiting, even if counterfeit money 
has positive value as private money. In his model, 
genuine notes are less costly to produce than 
counterfeits because of factors such as economies 
of scale. Thus, from a social-welfare viewpoint, it is 
better to have trades intermediated by genuine 
money. He also finds that if the cost of counterfeiting 
is low, more counterfeits will be in circulation, and 
thus the money stock will rise. Counterfeiting can 
therefore lead to inflationary pressures, and high 
inflation can impose a large social cost.® 


In practice, however, society does not consider 
counterfeits as private money. Private money is issued 
by a reputable private institution, such as a commer- 
cial bank, and is backed by the issuer’s assets. Its 
design differs from that of government-issued money 
and so is easily identified. In contrast, counterfeiters 
aim to produce notes that look like government- 
issued notes so that unsuspecting merchants will 
accept them. It is against the law to produce and 
pass such counterfeits. Therefore, sellers will not 
accept or recirculate counterfeits if they know the 
notes are fake. One way to capture these features in 
a model is to assume that counterfeit money can last 
for only one period and will be completely confis- 
cated by the authorities at the end of each period. 
Counterfeit money therefore has no value because it 
cannot serve as a medium of exchange. Thus, it can 
pass to sellers only when they do not recognize that 
it is a counterfeit.*° 


For counterfeiting to exist as an equilibrium outcome 
when counterfeit money cannot circulate across 
periods, the method that buyers and sellers use to 
trade with each other is critical. In Nosal and Wallace 
(2007) and Li and Rocheteau (2011), a buyer can 
make a take-it-or-leave-it offer to the seller, which 
specifies the quantity of goods traded and the 
amount of money paid. Both papers find that 
counterfeiting does not occur in a monetary equilib- 
rium because buyers holding authentic notes can 
signal that they are using genuine money by offering 
to pay a small sum of money in exchange for a very 
small quantity of goods. No counterfeiter will make 


9 Friedman (1960) also argues that counterfeiting and the private issue of 
money can lead to inflation. 

10 The inability to recognize even poor-quality counterfeits can occur in 
situations where cashiers are inexperienced or where they choose not 
to verify notes. 
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such an offer because the gain from the trade is too 
small to cover the cost of counterfeiting. Therefore, 
no one will produce counterfeits. Li and Rocheteau 
(2011) also consider the case in which both buyers 
and sellers take turns to make a take-it-or-leave-it 
offer to the other party. When sellers make the offer, 
they are willing to trade with a buyer even when they 
cannot verify the quality of money, since the buyer 
may be holding genuine notes. Thus, counterfeits 
can exist alongside genuine money in equilibrium. 
Fung and Shao (2011) consider a model environment 
in which sellers post offers to attract buyers, and 
buyers search for sellers based on these offers. In 
this case, sellers will not be able to use their offers to 
screen buyers, and all sellers will post the same 
offers.'’ As a result, counterfeiting can occur in 
equilibrium since a seller will attract both counter- 
feiters and buyers with genuine money. 


A policy that deters counterfeiting 
is needed to maintain the public’s 
confidence in money 


According to Nosal and Wallace (2007), the threat of 
counterfeiting itself can have a significant negative 
impact on the economy. The possibility of counter- 
feiting threatens the use of money in equilibrium when 
no one is willing to accept money as a medium of 
exchange. Therefore, a policy that deters counter- 
feiting is needed to maintain the public’s confidence in 
money. Li and Rocheteau (2011) argue that, while 
counterfeiting does not pose a threat to the accept- 
ance of money as a medium of exchange, it lowers 
the volume of economic transactions, since sellers are 
concerned about receiving counterfeits. This, in turn, 
will reduce production and further decrease economic 
transactions. Anti-counterfeiting policies can prevent 
these effects by mitigating the threat of counterfeiting. 


Policies against counterfeiting 


In addition to the direct losses experienced by 
sellers who accept worthless notes, counterfeiting 
has indirect costs for society, such as the costs of 
producing more-secure notes and providing effective 
law enforcement, as well as the potential loss of 
confidence in bank notes. 


11 Sellers also face a capacity constraint since they can serve only a lim- 
ited number of buyers in each period. Buyers may therefore have to take 
into account how likely it is that they will be served by the seller they 
visit. If buyers do not pay attention to this constraint, as in Guerrieri, 
Shimer and Wright (2010), counterfeiting may not occur. 
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Green and Weber (1996) study the effectiveness of 
introducing a new series of bank notes that is very 
difficult to counterfeit, such as one with advanced 
security features. Only old-style money can be 
counterfeited at some cost. The old-style money in 
circulation is gradually replaced by new-style money, 
as is done in the United States. The authors find that 
the introduction of new-style money may not always 
be effective in reducing counterfeiting because sellers 
may knowingly accept counterfeits (e.g., if there is a 
currency shortage, as explained earlier). Nevertheless, 
if counterfeits are too costly to produce, they will 
eventually go out of circulation. Thus, if old notes are 
not immediately withdrawn when a new series of 
more-secure bank notes is issued, additional anti- 
counterfeiting measures, such as enhanced law 
enforcement that increases the cost of counterfeiting, 
are also needed to effectively reduce counterfeiting. 


Many of the other studies considered in this article 
also discuss the importance of policies against 
counterfeiting, and their insights can be summarized 
as follows: 


(i) Policies aimed at raising the cost of counterfeiting, 
such as increased bank note security or enhanced 
law enforcement, can reduce the incentive to 
produce counterfeits. Policies aimed at improving 
note verification by merchants and withdrawing 
counterfeit notes from circulation can also stop 
these notes from entering into circulation or from 
being recirculated. 


(ii) The implementation of anti-counterfeiting meas- 
ures is crucial, even when the level of counterfeit- 
ing is low, because the threat of counterfeiting can 
affect the public’s acceptance of bank notes as a 
means of payment, as well as reduce production, 
economic transactions and social welfare. 


(iii) A comprehensive anti-counterfeiting strategy that 
encompasses a range of measures, including the 
regular issuance of a new Series of bank notes, is 
more effective in deterring counterfeiting than any 
one single measure. 


Conclusion 


This article has summarized some relevant insights 
from studies that model counterfeiting. The policy 
implications of these studies support our under- 
standing of counterfeiting and the Bank’s compre- 
hensive anti-counterfeiting strategy. 


Many of the questions raised by the stylized facts 
derived from the experience with counterfeiting 


remain unanswered, however. Future research using 
general-equilibrium models of counterfeiting with 
less-restrictive assumptions would be useful in 
addressing these matters. It would also be very 
helpful to have more data available for empirical 
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